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A B S T R A C T 
This is the first comprehensive study of the nursery 
role of Louisiana tidal marshes. The conclusions reached 
from it indicate current concepts about juvenile life his-
tories of many estuarine-dependent motile species should be 
re-evaluated. 
The factors stimulating juvenile emigration, and 
their interactions, are examined; length-frequencies of the 
major species taken are analyzed in relation to these 
factors and susceptibility to the trawls used. Size, sa-
linity, and their interaction seemed to be the most important 
stimulants to juvenile emigration. Emigration of a number of 
species is believed to usually occur over an extended period, 
and to be a "bleeding off" process involving primarily the 
larger individuals in the nursery at any particular time. 
For several species, previous juvenile growth rate 
estimates from open water length-frequency samples are be-
lieved to have been far too low and to have resulted in much 
misinterpretation of life history facets such as age at 
first spawning. 
Use of the marsh as a nursery is documented for a 
large number of species. Catch rates for the major species 
taken indicate the marsh is more heavily used than bays and 
other open water areas. 
x 
The effects of semi-impoundment—a relatively inex-
pensive method of marsh management—on a number of species 
are analyzed. With adequate research on the marsh ecosystem, 
management manipulations along such "natural" lines are 
judged to have more potential for generating a stable in-
crease in world food production than the presently popular 
idea of "farming" the sea. 
xi 
I. I N T R O D U C T I O N 
ESTUARINE NURSERIES 
Man is belatedly becoming aware of the biological 
value of estuaries. This awareness is sufficiently recent 
that there is as yet no agreement on the best definition of 
the word estuary, but the following one by Cameron and 
Pritchard (1963) seems generally satisfactory: 
An estuary is a semi-enclosed coastal body of water 
having a free connection with the open sea and within 
which the sea water is measurably diluted with fresh 
water deriving from land drainage. 
Smith (1966) points out there often are transition 
zones such as coastal marshes, other coastal water areas, 
and tidal fresh-water habitats above the upper limit of sale 
water intrusion, that contribute to estuarine productivity. 
For a term to encompass the entire estuarine environment, he 
suggests "estuarine zone," which he defines as follows: 
The estuarine zone is an environmental system con-
sisting of the estuary and those transitional areas 
consistently influenced or affected by water from the 
estuary. 
Louisiana nurseries.—The majority of Louisiana's 
economically important fishes and crustaceans spawn in the 
open Gulf of Mexico. Soon after hatching, the young drift 
or swim into the estuarine zone. Most do not spend more 
than a few months there, but the young of many species are 
1 
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so dependent on this area that the estuarine zone is often 
referred to as a "nursery." As young organisms mature, 
they move back to the Gulf, completing the cycle. 
Land surface level in Louisiana tidal marshes tends 
to be at, or near, high tide level. As a result, most of 
the marshland supports a luxuriant growth of emergent plants. 
Recent research indicates that detritus from emergent marsh 
plants forms the base of many estuarine food webs (Odum, 
1961; Schelske and Odum, 1962; Teal, 1962; Odum and de la 
Cruz, 1963, 1967; Darnell, 1967 a,b; Heald and Odum, 1970). 
The area within the Louisiana tidal marsh is usually dis-
sected by a maze of interlacing bayous, ponds and small 
lagoons. Although the general estuarine zone is known to 
serve as a nursery, there is little in the literature con-
cerning actual use of these water areas within the marsh as 
a nursery by fish and crustaceans, or of the effects on such 
use of man-made changes in the marsh. 
Semi-impoundment.—Modern civilization and tech-
nology are the first real threats to the continued nursery 
role of the estuarine zone but not all changes wrought by 
man on these areas have results detrimental to wildlife. 
With sufficient background knowledge, it is possible to cause 
changes that bring about specific desirable results. As an 
example, the construction of low dams or weirs across the 
mouths of tidal bayous often results in greatly increased 
production of waterfowl food plants (Chabreck and Hoffpauir, 
3 
1965; Chabreck, 1968). In Louisiana, setting the crest of 
the weir about six inches below average marsh soi] surface 
level allows water to flow over the weir on most incoming 
tides and flow hack out, when the tide drops, until it 
reaches crest level. The remaining water is impounded. 
Since flow in both directions is possible a good portion of 
the time, I call the area behind the weir "semi-impounded 
marsh." Herke (1968) considered 250,000 acres to be a con-
servative estimate of the area of Louisiana marshland 
affected by semi-impoundment. From the viewpoint of water-
fowl management this was fine, but environmental modifica-
tions seldom affect only a single group of animals. 
Semi-impoundment of marshes almost certainly has effects 
on their nursery role for fishes, shrimps, and crabs. Herke 
(op. cit.) in the first publication on these effects, sug-
gested the importance of the marsh as a nursery and empha-
sized the definite need to ascertain fully the effects weirs 
may have on this nursery role. 
OBJECTIVES 
This field study was originally designed to accom-
plish the first five objectives listed below. Subsequent 
analysis of the data permitted inclusion of the last two as 
additional objectives of the dissertation. These objectives 
are to: 
1) characterize, for the areas studied, the pattern 
of fluctuations in water level, temperature, 
4 
salinity, and turbidity. 
2) document use of the marsh as a nursery. 
3) discover any correlations that exist between or 
among (a) presence or absence of semi-impounded 
conditions, (b) organism abundance and growth 
rate, (c) water temperature, salinity, and tur-
bidity, and (d) study area location. 
4) determine the effects of semi-impoundment on 
nursery use. 
5) determine growth rates of juvenile fishes and 
shrimps. 
6) present new life history information fcr a num-
ber of species. 
7) provide evidence indicating previous misinterpre-
tation of length-frequency distributions has 
resulted in many erroneous conclusions concerning 
life histories. 
PREVIOUS STUDIES 
Most estuarine fishery studies have concentrated on 
open or deep water. Kilby (1955) stated in his study of 
Florida coastal marshes, "Apparently no intensive ecological 
or faunistic study has been made of brackish marsh fishes, 
although there are several studies of the fishes of bays and 
other inshore water." The situation has changed little in 
5 
the intervening 16 years. Zilberberg (1966) studied a 
Florida brackish marsh. Miller and Jorgenson (1969) in a 
raw data report without analysis, listed seasonal abundance 
and length-frequency distribution of fishes collected from 
Georgia ocean beaches and salt marshes. Kilby's is still 
the most comprehensive study concerning nursery use of the 
marsh, and the areas he and Zilberberg studied differed 
considerably from Louisiana marshes. 
In Louisiana, studies by Gunter (1938), Lindner and 
Anderson (1956), and Gunter and Shell (1958) were concen-
trated in the open water estuarine zone, but contained some 
marsh information. Studies reported by St. Amant, Corkum 
and Broom (1963), and St. Amant, Broom and Ford (1966) 
concentrated mostly on samples from the marsh fringes of 
Barataria Bay, but included some samples from the main Bay 
and from the deeper water areas well back in the marsh. 
Rounsefell (1964) reported results from sampling in Lake 
Borgne and the main bayou systems of the adjoining marsh; 
samples for Herke (1968) were taken mostly in the main bayou 
system of a brackish marsh. Most of the organisms captured 
in these latter two studies probably were migrants passing 
to and from the marsh. Kelley's (1965) thesis reported a 
brackish to fresh marsh study at the mouth of the Missis-
sippi River, an area not characteristic of the Louisiana 
marsh. Loesch and Jacob (1970) and Thomas and Loesch (1970) 
present brief, preliminary reports, but do deal primarily 
6 
with marsh nursery use. Theses by Holloway (1969) and 
Weaver (1969) also deal primarily with marsh nursery values; 
they report the results obtained from a continuation, with 
some modification, of the Marsh Island sampling program be-
gun with my study. 
II. S T U D Y A R E A D E S C R I P T I O N S 
Preliminary planning for this study began in 1964. 
Intervening work and hurricanes delayed the testing of 
equipment and field procedures, preliminary sampling, and 
final selection of sample sites until late 1966. 
Two marsh study areas were selected: one was near 
Lake Borgne, in southeast Louisiana; the other was on Marsh 
Island, about 140 miles to the west. 
The two areas have a number of similarities. Both 
lie in the Mississippi Delta Region characterized by Linton 
(1968) as having broad expanses of open water, extensive 
development of marshes, high turbidity, low tidal amplitude 
and low coastal energy. Land in this region was formed as 
the result of deltaic sedimentation; consequently, land 
surfaces are unusually low and flat. Surface water is 
usually brackish. For more detailed descriptions of the 
vegetation, geology, and morphology of the general coastal 
area see Penfound and Hathaway (1938), Treadwell (1955), 
Van Lopik (1955), Orton (1959), Chabreck (1970), and 
Palmisano (1970). 
Both study areas were remote, but the Louisiana Wild 
Life and Fisheries Commission had good work camp facilities 
Hereafter, this agency will be referred to simply 
as the Commission. 
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nearby to which I was given complete access. These camps, 
located in the marsh, were about 7 miles from the nearest 
road. 
Sample sites at both areas were well within the 
marsh, and several miles, by water, from open water bays. 
The bottoms of the lagoons in which the sample sites were 
located were flat; bottom elevation seldom varied more than 
0.5 foot in a quarter mile except in the immediate vicinity 
of the bank. Lagoon bottoms were soft and blanketed with 
organic debris. 
Water in the tidal bayous is from 1 to 10 or more 
feet deep, but the lagoons are shallow; at low tide, lagoons 
not controlled by weirs may be less than 18 inches deep and 
are occasionally drained by unusually low tides associated 
with strong northerly winds. Wind is more often responsible 
for unusually high or low water levels than are lunar tides. 
Average lunar tide range is about one foot. 
BILOXI 
The Biloxi study area (Fig. 1) is so named because 
it is in the Commission's "Biloxi Wildlife Management Area." 
(The name does not indicate proximity to Biloxi, Mississippi, 
which is 50 miles to the northeast.) This study area is in 
St. Bernard Parish, Louisiana on the eastern shore of Lake 
Borgne, a large bay adjoining Mississippi Sound. Natural 
land level, except along bayou banks, is rarely more than 
Figure 1. Map of the Biloxi area. Marsh inside the 
dotted line is semi-impounded by the series 
of earthen dams and wooden weirs included in 
the dotted line. Sample sites IN and 2N are 
in unimpounded, natural marsh. 
f'S^'1^ T 
',';;',' frftK^ 
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two feet above mean Gulf level. The land area is dissected 
by a maze of tidal bayous, lagoons, and ponds. Marsh 
inside the dotted line in Figure 1 is semi-impounded by the 
series of earthen dams and wooden weirs included in the 
dotted line. Sample sites IS and 2S were located in the 
semi-impounded area; IN and 2N were in lagoons in which 
water levels were not particularly affected by such artifi-
cial structures as weirs or dams. (In all sample site 
designations "S" indicates "semi-impounded" conditions and 
"N" indicates "natural," unimpounded conditions. However, 
these "natural" areas had been affected by other activities 
of man, such as channel construction.) 
Cordgrass (Spartina sp.) is the dominant emergent 
marsh vegetation. Widgeongrass, Ruppia maritima, a sub-
mergent.plant, is common at times. 
Salinities in the Biloxi area are influenced by 
fresh water discharge from the Pearl River; flow from Lake 
Pontchartrain; salt water influx from the Gulf of Mexico, 
via Lake Borgne and the Mississippi River-Gulf outlet; and 
by local rainfall. The Biloxi area was completely inundated 
to depths of several feet in 1965 by Gulf waters during 
Hurricane Betsy. 
MARSH ISLAND 
Marsh Island is a state wildlife refuge in Iberia 
Parish, Louisiana. This 85,000-acre island separates 
Vermilion and West Cote Blanche Bays from the Gulf of Mexico. 
Natural land elevations are even lower than at the Biloxi 
area. Salinities are influenced primarily by fresh water 
discharge from the Atchafalaya River, local rainfall and 
salt water influx from the Gulf of Mexico. 
The Marsh Island study area is shown in Figure 2. 
Unlike Biloxi, only two weirs, and levees near sample site 
AS and Weir A, are required to semi-impound the marsh inside 
the dotted line. 
Figure 2. Map of the Marsh Island area. Marsh inside 
the dotted line is semi-impounded by Weirs 
A and B, and levees near Weir A and sample 
site AS. Sample sites AN and BN are in un-
impounded natural marsh. Bird Island Head-
quarters is the Commission's work camp. 

III. M A T E R I A L S A N D M E T H O D S 
FIELD METHODS 
SAMPLE SITE SELECTION 
Most of the surface acreage of water within the 
marsh is in the lagoons; therefore, most of the nursery use 
is likely to be there. Samples from the lagoons also should 
be more representative of the total area than samples from 
the bayous, which serve as pathways to and from the marsh, 
and could be relatively barren when little migration is oc-
curring, or glutted during periods of heavy migration. 
Two sampling stations at Biloxi, and two at Marsh 
Island, were selected. At each station a matched pair of 
lagoons connected by a channel was picked. The channel 
always had a weir between the lagoons; therefore, one lagoon 
was in unimpounded marsh and the other was upstream of the 
weir in semi-impounded marsh. The two lagoons of a pair 
were similar in size, shape, and water depth. They were 
selected in locations that favored the probability of organ-
isms in each lagoon having entered by nearly the same path 
as those in the other lagoon. 
In the central axis of each lagoon a 400-meter (1/4 
mile) sample site was measured and staked. The path between 
the stakes was thoroughly sounded; gage markings were then 
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placed on one of the stakes so the water depth between the 
stakes could be read prior to taking a sample. 
SAMPLING PROCEDURES 
Trawls used.—The bottom in the sample areas was too 
soft to permit seining, so surface and bottom trawls were 
employed to obtain a better indication of populations present 
than given by either type trawl alone. 
Details of the surface trawl have been published 
(Herke, 1969). Briefly, it consisted of an aluminum frame 
and 1/4-inch-bar-mesh netting. The frame mouth was 14 feet 
wide and 51 inches deep; the trawl was set to fish from the 
surface to about six inches from the bottom and was pushed 
in front of a boat. An airboat was used for all Marsh 
Island sampling and an outboard for all Biloxi sampling. 
A 16-foot setback otter trawl was used for bottom 
trawling. It had knotted nylon 5/8-inch-bar-mesh throughout 
except for 1/2-inch-bar-mesh in the tail. The bridle at-
tached to the 18- by 30-inch otter boards was 65 feet long 
on each side. 
Trawling schedule.—Sampling was only partially 
successful in February 1967. Beginning in March 1967, 
samples at both areas were taken successfully on a monthly 
schedule for a year. On every trip, all sample sites were 
sampled once with each type trawl; this first series con-
tained my "Day 1" samples. Later the entire procedure was 
15 
repeated; this second series contained my "Day 2" samples. 
Immediate repetition of a sample with the same trawl type 
would have permitted a better estimate of the trawl's 
sampling variability for the organisms present at that par-
ticular time. However, the intent was to obtain population 
estimates of the standing crop for the trip, allowing for 
movement by the organisms. Therefore, repetition of the 
sampling at any particular site was normally delayed at 
least overnight. 
Surface trawls were always made before otter trawls 
at a particular site because the trawl disturbed the bottom 
less. Depending on the abundance of organisms, vegetation, 
and debris in the sample, removal of tiny fish and crus-
taceans from the net required from several minutes to 
several hours. The bottom trawl sample for the same site 
was usually taken as soon as the surface trawl catch was 
preserved. 
Further details, and differences in trawling proce-
dures at Biloxi and Marsh Island, are given in Appendix A. 
Sample preservation.—As soon as a trawl run was 
completed, the entire catch, if possible, was placed in one 
or more labeled gallon jars and immediately covered with 
10% to 20% formalin (containing BHT for color preservation). 
Unusually large specimens were identified, measured, weighed, 
and then discarded. 
16 
Water samples.—While trawling, a water sample was 
taken from 6 to 12 inches below the surface, water tempera-
ture was recorded and the sample was saved for laboratory 
determination of salinity and turbidity. 
Supplementary trawls.—During the main study, there 
was time to take only a few supplementary samples away from 
the established sites. Therefore, on June 10 and 11, 1969, 
fourteen otter trawl samples were taken throughout the 
general Biloxi study area, to obtain a better subjective 
insight into randomness of species distribution. Six sam-
ples were from semi-impounded, and eight were from natural 
marsh. 
TIDE AND TEMPERATURE RECORDING 
Maximum/minimum water level gages were originally 
installed on several weirs to determine if ingress and 
egress of organisms had been possible between sampling trips. 
These were replaced with constant recording gages as they 
became available. 
Previous experience indicated no appreciable differ-
ence between surface and bottom water temperature in 
shallow lagoons. Therefore, submersible Ryan, Model D, 
30-day recording thermometers were installed on the bottom 
at Marsh Island sites BN and BS and Biloxi sites IN and IS. 
LABORATORY METHODS 
17 
SALINITY 
Within a few days after return from the marsh, chlo-
ride content of each water sample was determined by the 
mercuric nitrate method for waste water and polluted waters 
2 (American Public Health Association, Inc., 1965). Salinity 
was then computed from the relationship: salinity /oo = 
.030 + 1.8050 x chlorinity °/oo (Reid, 1961). The results 
obtained were rounded to the nearest .01 ppt. Accuracy of 
my results was verified several times throughout the study 
by the laboratories of the U.S. Geological Survey and the 
Commission's Water Pollution Control Division. 
TURBIDITY 
Turbidity measurements were normally made the day 
following my return to LSU. A borrowed Bausch and Lomb 
Spectronic 20 photometer was used for samples taken before 
June 29, 1967; following its recall, a Klett-Summerson 
Photoelectric Colorimeter, Model 900.3, was used at the 
Commission's Pollution Control Laboratory. Each sample was 
shaken vigorously for 20 seconds just before a portion was 
put in the photometer cell. Readings were recorded in per-
cent transmittance. 
There is an error in the first printing of the 
12th edition in the formula for standardizing the mercuric 
nitrate. This was corrected for me by Dr. Philip West, 
Boyd Professor, LSU Chemistry Department. 
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PRELIMINARY SORTING AND COUNTING 
Trawl samples were allowed to harden in the formalin-
BHT for 10 to 20 days. They were then rinsed, covered with 
33% isopropanol-BHT, and stored. 
Later each sample was sorted to species, and the 
number in each species was recorded. Aside from two general 
exceptions requiring subsampling of surface trawl samples 
(explained in detail in Appendix B) each sample was sorted 
and counted in its entirety. Each species was then put in 
a separate plastic bag, covered with 40% isopropanol-BHT, 
and returned to the sample jar for storage. 
FINAL LABORATORY PROCEDURES 
The routine for processing an individual trawl sam-
ple is outlined in the following sections. 
Preparation.—Each species was put in a separate 
labeled screen container and soaked in flowing water for a 
minimum of 30 minutes, since previous tests showed weight 
changes after this time were negligible (see Appendix C, 
Table 7, last six tests). From this point on, the specimens 
were kept constantly in water, except for brief periods of 
handling, until they were ready to be prepared for weighing. 
Length-frequency determination.—Otter trawl speci-
mens were never so numerous as to require subsampling before 
measurement. If a surface trawl sample contained few speci-
mens, all the individuals of each species were measured and 
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their lengths recorded. If the specimens were numerous, 
subsamples of the abundant species were taken before 
measurements were made, and the main portion of the sample 
was retained for use in determining the species' biomass. 
I attempted to obtain 100, or slightly more, individuals 
whenever anchovies and menhaden were subsampled. When it 
was necessary to subsample species of less interest, I 
tried to obtain about 50 individuals. Length-frequency 
distribution of the subsample was assumed to be representa-
tive of the total sample. That this was a reasonable 
assumption, for the manner in which the data were used, is 
illustrated in Appendix B. The method and devices used to 
obtain a representative subsample which approximated the 
desired number, are also detailed there. 
Fish measurements were in standard length, the 
distance from the tip of the snout to the posterior end of 
the vertebral column. Blue crabs, Callinectes sapidus, 
were measured for carapace width, the distance between the 
tips of the lateral spines. Penaeid shrimp were straight-
ened and the distance measured from the anterior tip of 
the antennal scale to the posterior tip of the telson. This 
measurement approximates the more usual total length meas-
urement from the anterior tip of the rostrum to the posterior 
tip of the telson. It was used because many of the rostra 
had been damaged in handling. 
Small species were measured in 5-mm increments; the 
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others were measured in 10-mm increments. Increments were 
designated by the shortest length included. For instance, 
an anchovy with an actual standard length of 59 mm was re-
corded as 55 mm; however, if the tip of the hypural plate 
touched the 60-mm mark, it was recorded as 60 mm. The 
length and weight of damaged specimens were estimated and 
recorded separately. Estimated lengths were considered 
sufficiently accurate to use in length-frequency determina-
tions. The weight of missing parts cannot be accurately 
estimated, so data from damaged specimens were not used in 
length-weight relationship calculations, but were used in 
species biomass computations. 
Weight determination.—If weights of the species 
were needed for length-weight relationship calculations, all 
those in each individual length class were weighed together 
so a mean weight could be obtained for that class. Other-
wise, all of that species were weighed as a group for 
biomass records. Prior to weighing, the abdomen of any fish 
7 cm or more in length was slit so excess liquid could drain. 
To assure precision in weighing, uniform dryness of 
specimens was attained by spin-drying in a conventional 
washing machine. Specimens in labeled screen containers 
were put in the machine, which was started on the final 
spray rinse. A foam basket lining retained enough water to 
maintain high humidity in the machine, thereby minimizing 
evaporation. Basket radius was 10 inches; spinning was at 
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540 rpm for 6.5 minutes. Weighing was completed within a 
few minutes after spinning. Groups weighing less than 200 
grams were weighed to the nearest 0.1 gram on a Model DWL-3V 
Torsion Balance. Heavier groups were weighed to the nearest 
gram on a Model L-10 Pennsylvania Scale. Weights obtained 
with this drying method were very consistent, as is illus-
trated in Appendix C. 
Data recorded.—-With only minor exceptions, the 
following information was recorded for each species taken 
in each sample: total number, total weight; number in each 
length-group in the sample or subsample; weight in each 
length-group if needed; and number in the subsample, if sub-
sampled. Sex, but not weight, was also recorded for blue 
crabs 20 mm or more in carapace width. 
BIOLOGICAL DATA ANALYSIS METHODS 
The laboratory data were punched into cards, printed 
out to assure accuracy of transcription, and then trans-
ferred to tape. Data reduction was completed at the 
Louisiana State University Computer Research Center. The 
first results from each new computer program were verified 
by other methods before the program was accepted as correct. 
LENGTH-FREQUENCY DISTRIBUTIONS 
The surface trawl was very selective for certain 
species, and for the smaller members of other species. The 
otter trawl was generally selective for different species 
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than the surface trawl, or for larger members of the same 
species. Therefore, either trawl gave a biased estimate of 
the abundance of some species, and of the length-frequency 
distribution of most species. Since these were opposing 
biases, when considering length-frequency distributions I 
have attempted to counteract their effects by combining the 
data from all trawl samples (usually four) taken at a par-
ticular site each trip. The only exception to this concerns 
3 
Anchoa mitchilli, the bay anchovy. The surface trawl was 
extremely effective for this fish above 20 mm; the otter 
trawl was ineffective for any size. Therefore, only surface 
trawl data were used to estimate bay anchovy length-
frequency distribution. 
Weighted length-frequency distributions were printed 
by the computer. Graphs were then prepared manually pre-
senting the distributions in terms of total numbers taken in 
each length-class. For specific details on calculations of 
length-frequency distribution, see Appendix E. 
SPECIES ABUNDANCE AND BIOMASS 
The field sampling was designed with all samples 
duplicated so species abundance and biomass could be evalu-
ated statistically by analysis of variance. However, once 
Scientific names of fishes used in this disserta-
tion, and their common name equivalents, are those given in 
American Fisheries Society, Special Publication No. 2 
(1960). 
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the length-frequencies were plotted, it became obvious much 
of the data did not meet some of the requirements for analy-
sis of variance. Therefore, the total number of each major 
species taken at a particular site, each trip, was added to 
the appropriate length-frequency graph. Conclusions con-
cerning relative abundance and biomass were arrived at 
subjectively by observance of trends and apparent varia-
bility in the catch among individual samples. 
LENGTH-WEIGHT RELATIONSHIPS 
The formula for determining the relationship between 
the length and weight of individuals in a sample, if expres-
sed logarithmically, gives a straight line regression 
(Rounsefell and Everhart, 1953). Therefore, linear regres-
sion methods may be used to test for differences in the 
length-weight relationship of individuals in two samples. 
For the methods to be valid, the animals used in the 
test must be of the same length, age, and sex, and be taken 
as nearly as practical on the same date (Rounsefell and 
Everhart, 1953). The method of meeting the required 
criteria, and performing the necessary tests, are detailed 
in Appendix E: briefly, however, to compare the length-
weight relationship of a species on one side of a weir with 
that on the other, linear regression formulas were computed 
for the lines from samples taken on each side. Data were 
selected so that both regression lines had the same mean 
value for log L; then a two-tailed t-test was used to test 
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the null hypothesis of no difference in the mean value of 
log W for the two lines at their common mean length. The 
alternate hypothesis was that this mean weight was higher 
on one side of the weir than the other. More simply stated, 
they were "fatter" on one side of the weir. 
A two-tailed t-test was also made of the hull 
hypothesis of no difference in the slope of the two lines. 
The alternate hypothesis was that there was a difference in 
the slopes of the lines and, therefore, the organisms on 
one side of the weir were increasing in weight, in propor-
tion to length, at a faster rate than those on the opposite 
side. 
By knowing whether there are statistically signifi-
cant differences in the mean weight, and slope of the lines, 
over the length range tested, it is possible to make further 
deductions concerning growth. 
IV. R E S U L T S A N D D I S C U S S I O N 
P H Y S I C A L D A T A 
TIDAL FLUCTUATIONS 
Biloxi 
Recorded levels.—The maximum-minimum gages showed 
flow occurred over the weirs at some time every month 
between November 1966 and May 1967 (but no minimum record 
is available before March 23, 1967). Maximum recorded 
height during this period was 13.5 inches above weir crest; 
minimum was 8.5 inches below weir crest. The daily maximum 
and minimum water levels from the recording gage on the 
natural marsh side at Weir 1, in relation to the weir crest, 
are shown in the upper half of Figure 3. The weir crest is 
indicated by the solid line. 
Ingress and egress.—Black areas in Figure 3 show 
periods when water levels were constantly below crest level. 
Such periods were obviously rare and of short duration. The 
dashed line represents approximate marsh soil surface level 
in the cordgrass areas. Therefore, high tide level exceeded 
average soil level on the majority of days recorded. During 
this study, ingress and egress of motile organisms to and 
from IS lagoon was theoretically possible over the weir 
nearly every day and through the flooded marsh on most days. 
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Figure 3. Daily maximum and minimum water levels (natu-
ral marsh side) in relation to weir crest, at 
Weir 1 and Weir B. Black areas show periods 
when water levels were constantly below crest 
level. Most of marsh soil surface in the 
cordgrass areas was flooded when water levels 
exceeded the dashed line. The bottom of sam-
ple sites IS and BS would have begun to be 
exposed when water levels were about 2.6 feet 
below weir crest level if the weir had not 
been present. Arrows show the first trawling 
date for each trip. The record from Weir A 
is inserted where long gaps appear in the 
record from Weir B. 
DAILY WATER LEVELS 
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Between March 23 and April 23, 1967, maximum and 
minimum water levels at Weir 2 were about five inches less 
than at Weir 1. If this were true for the remainder of the 
study, ingress and egress to and from 2S lagoon was theoret-
ically possible between each sampling trip. However, the 
marsh near 2S would have been flooded much less frequently 
than that near IS and passage of organisms over Weir 2 may 
have been difficult at various periods. 
Lagoon drainage.—Lagoon drainage forces motile 
organisms present to emigrate at least as far as the nearest 
bayou, and exposes many non-motile organisms. Exposure of 
lagoon bottoms may result in destruction of submergent 
plants, and causes physical and chemical changes of unknown 
consequence. When water level at Weir 1 was equal to crest 
level, minimum water depth at IS was about 2.6 feet. There-
fore, between March 23, 1967, and February 13, 1968, IS 
lagoon would never have been drained even if the weir had 
not been in place; 2S lagoon might have been drained at 
times except for the weir there. 
Marsh Island 
Recorded levels.—Daily maximum and minimum water 
levels on the natural marsh side of Weir B, recorded in 
relation to weir crest, are shown in the lower half of Fig-
ure 3. Compared to those at Biloxi, water level fluctua-
tions had a similar pattern of high and low periods, but the 
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amplitude of fluctuations was greater at Marsh Island. 
Records from the Weir A gages show water levels substan-
tially exceeded crest levels nearly every week. The gage 
at Weir B stopped several times; missing records from there 
are approximated in Figure 3 by the corresponding record 
from the downstream 8-day gage at Weir A. 
Ingress and egress.—Ingress and egress over Weir B 
was possible on most days, and through the nearby marsh much 
of the time. Where records from the Weir A and B gages over-
lap in Figure 3, the curves for Weir A match the shape of 
those for Weir B, but show that daily maximum and minimum 
water levels were usually several inches higher at A than 
at B. Apparently ingress and egress of organisms over Weir 
A, and through the nearby marsh, was possible at least as 
frequently as indicated for Weir B. 
Lagoon drainage.—Lagoon AN was nearly drained by 
the wind-generated low tide of September 28 (Fig. 3). If 
it had not been semi-impounded, AS would also have been 
nearly drained during such low water periods. When water 
level equaled crest level, minimum water depth at BS was 
about 2.6 feet. Therefore, if the weir had not been in 
place during the study, BS lagoon would have been nearly 
drained for a number of short periods. 
MINIMUM WATER DEPTH 
The minimum water depth was recorded for each trawl 
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sample taken. Average minimum depths for each sample site 
are given in Table 1. Except at Biloxi Station 2, where 
the 2N lagoon bottom was lower in an absolute sense, average 
water depths were greater at the semi-impounded site of each 
sample pair. 
Table 1. Average minimum water depth at each site when 
sampled between February 1, 1967 and February 
4, 1968 
Sample 
Station 
Biloxi: 
1 
2 
Marsh Island: 
A 
B 
N 
Inches 
31.9 
40.3 
21.2 
31.0 
Surface 
S 
Inches 
35.4 
32.3 
30.5 
35.4 
Otter 
N 
Inches 
32.7 
40.9 
20.8 
30.9 
S 
Inches 
35.8 
32.4 
30.7 
35.0 
Minimum depths occurring when trawls were taken at 
paired sample sites each trip were also generally greatest 
at the semi-impounded site (Appendix D, Tables 8 and 9). 
The shallowest minimum depth at which a routine sample was 
taken at Biloxi was 18.0 inches and the deepest was 50.0 
inches; corresponding depths at Marsh Island were 10.0 and 
45.0 inches. Lower water levels sometimes occurred at the 
sample sites but samples were not taken then; the outboard 
would not operate effectively in less than 18 inches of 
water nor would the trawls in water much shallower than 10 
inches. 
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WATER TEMPERATURE 
Compensation.—Water temperature was recorded for 
nearly every trawl sample (Appendix D, Tables 10 and 11). 
For most purposes, however, the continuous temperature 
records from the recording thermometers are more useful. 
Biloxi records compensated to uniform lengths so they show 
simultaneous values for the natural and semi-impounded marsh, 
are shown in Figure 4. Water temperature, taken by an ac-
curate mercury thermometer, was recorded when the thermom-
eter chart was installed and when it was removed. Chart 
records were subsequently compared with those taken by 
mercury thermometer, including those taken with the trawl 
samples; they ranged from 3.5 F too low to 4.5 F too high. 
Therefore, temperatures on each chart were compensated in 
proportion to the error at the beginning and ending of that 
chart. After these compensations, I believe the records 
shown in Figure 4 generally attain the + 2% accuracy claimed 
by the manufacturer. 
Biloxi.—Because of the generally lower water levels 
at IN, temperature oscillations there were greater than at 
IS. However, simultaneous temperatures at the two sites 
seldom varied more than 5 F. The highest temperature recorded 
at Biloxi was 93 F; this occurred at IN and IS simultaneously 
several times in June, July, and August. The minimum temper-
ature, 40 F, occurred at both IN and IS in January 1968. 
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Marsh Island.—Inspection of the thermometer charts 
from BN showed they followed a pattern very similar to 
those obtained from the Biloxi IN site, but greater water 
level fluctuations at BN caused the amplitude of tempera-
ture fluctuations to be greater there. The general corre-
spondence between water temperatures at Marsh Island and 
Biloxi is apparent in Figure 4 (December 1 through 20). 
Marsh Island charts were compensated only when the informa-
tion was needed for specific periods. Maximums were 91 F 
(BN) and 90 F (BS) in July; minimums were 34 F (BN) and 
37 F (BS) in January 1968. 
SALINITY 
A water sample was taken with nearly every trawl; 
therefore on each trip up to 16 samples were collected at 
the two natural and two semi-impounded sites. Salinity of 
each sample is given in Appendix D, Tables 12 and 13. The 
maximum and minimum salinities were 13.89 and 6.97 ppt at 
Biloxi and 12.36 and 0.68 ppt at Marsh Island. However, 
seasonal salinity patterns at the two areas differed more 
than these values indicate. 
Salinity patterns.—Figure 5 depicts the salinity 
patterns for Biloxi and Marsh Island, based on the monthly 
samples. The vertical lines show the salinity range for the 
water samples taken in the natural marsh (usually eight) and 
in the semi-impounded marsh each trip (also usually eight); 
Figure 5. Salinity of the water samples taken at the 
trawl sites. Vertical lines show the range. 
The point where a vertical line intersects 
its corresponding continuous line indicates 
the mean. 
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DATE AND TRIP NUMBER (IN CIRCLE) 
1968 
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the point where a vertical line intersects its correspond-
ing continuous line indicates the mean of these samples. 
Salinity range for an individual site, especially in the 
semi-impounded marsh, was often considerably less than 
ranges in Figure 5, each of which includes samples from two 
sites in the same marsh type. From February through July 
1967, there was an inverse correlation between salinity 
changes at Biloxi and Marsh Island; from August 1967 through 
January 1968, there was direct correlation but with the 
Biloxi salinities higher than those at Marsh Island. 
Semi-impoundment effects.—Chabreck and Hoffpauir 
(1965) found salinities behind weirs were generally 5 to 10% 
less than in adjacent unweired areas. During a period when 
salinities were constantly falling, Weaver (1969) found mean 
salinities to be consistently higher in semi-impounded than 
in natural marsh. My Biloxi results agreed with those of 
Chabreck and Hoffpauir; my Marsh Island results agreed with 
those of Weaver during early 1967, when salinities were fall-
ing, and with those of Chabreck and Hoffpauir later in the 
year, when salinities were rising. By combining the results 
of our studies it is apparent the major effect of semi-
impoundment on salinity is a reduction in the rate of 
salinity change, which results in a moderation of extremes. 
Chabreck and Hoffpauir pointed out that weirs pre-
vent extreme drainage of an area during periods of unusually 
low tides; the area and its retained water serves as a 
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"mixing bowl," diluting returning high salinity water when 
the tide rises again. Trip 7 at Marsh Island furnished an 
excellent example of this phenomenon, when AN salinity rose 
about 9 ppt above that for the previous trip while AS sa-
linity rose only 1 ppt. 
TURBIDITY 
As will be illustrated for sample site AS, in the 
discussion of biological data, the presence of submerged 
plants can have a strong influence on the faunal community. 
Turbidity reduces light penetration, thereby inhibiting the 
growth of submerged plants. Since one of the most important 
biological effects of turbidity is thus dependent on light 
penetration, measurements in this study were made in terms 
of percent light transmittance. These are listed in Appen-
dix D, Tables 14 and 15. 
Means and ranges of light transmittance measurements 
are shown in Figure 6. At both work areas a similar seasonal 
pattern existed with the least light transmittance occurring 
in September. 
Positive ions of certain metals present in sea water 
cause the coagulation and precipitation of negatively 
charged colloidal silt particles (Reid, 1961). This effect 
of salinity probably explains why mean light transmittance 
throughout the study stayed about 10% higher, and the per-
cent light transmittance ranges (Fig. 6) were generally 
shorter, at Biloxi than at Marsh Island. 
Figure 6. Turbidity, indicated in terms of percent 
light transmittance. The vertical lines show 
the range for the water samples. The center 
point of the corresponding circle, or diamond, 
symbol indicates the mean. 
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Water samples from semi-impounded sites had consis-
tently higher transmittance than those from matching natural 
sites. 
The presence of vegetation also tends to increase 
light transmittance; therefore, once vegetation becomes 
established it tends to be self-perpetuating. 
B I O L O G I C A L D A T A 
Over 800,000 organisms, and at least 67 species, 
were collected in the trawl samples between February 1, 1967, 
and February 10, 1968. It will take years to analyze com-
pletely the data for all species. However, as much infor-
mation as it currently is possible to present is included in 
the following order: 
1) a complete listing of the catch in Tables 2 and 3, 
2) brief comments on a number of minor species, and 
3) a more detailed analysis for seven of the major 
species. 
TABLES 2 and 3 
The purpose of Tables 2 and 3 is to document the use 
of the marsh as a nursery, and to give a general idea of 
relative abundance and biomass of the various species. How-
ever, all capture gear is selective; since trawls were the 
only capture gear used in this study, some species were much 
more abundant than indicated in Tables 2 or 3, or may have 
been present but entirely escaped capture. 
Table 2. Number of fishes, shrimps, and crabs caught in all the 400-meter trawl samples made between 
breakdown by area, marsh type, and trawl type 
(201 surface trawl, and 195 otter trawl, samples were taken) 
February 1, 1967 and February 10, 1968 with a 
Species 
Scientific name 
(common name) 
Total 
catch 
from all 
samples 
Number 
of 
samples 
taken in 
Marsh Island catch 
Semi-
impounded Natural 
marsh marsh Total 
Biloxi catch 
Semi-
impounded Natural 
marsh marsh Total 
Total 
Semi-
impounded 
marsh 
catch 
Natural 
marsh 
Total 
Surface 
trawl 
catch 
Otter 
trawl 
Anchoa mitchilli 
(Bay anchovy) 
Brevoortia spp. 
(Menhaden) 
Lucania parva 
(Rainwater killifish) 
Palaemonetes spp.a 
(Grass shrimp) 
Micropogon undulatus 
(Atlantic croaker) 
Penaeus aztecus 
(Brown shrimp) 
Leiostomus xanthurus 
(Spot) 
Penaeus setiferus 
(White shrimp) 
Membras martinica 
(Rough silverside) 
Menidia beryllina 
(Tidewater silverside) 
Syngnathus scovelli 
(Gulf pipefish) 
Gobiidae 
(Gobies) 
Mollienesia latipinna 
(Sailfin molly) 
Mugil cephalus 
(Striped mullet) 
Cyprinodon variegatus 
(Sheepshead minnow) 
Callinectes sapidus 
(Blue crab) 
male 
female 
Penaeus spp. 
(Shrimp) 
Cynoscion arenarius 
(Sand seatrout) 
Trinectes maculatus 
(Hogchoker) 
Paralichthys lethostigma" 
(Southern flounder) 
Dorosoma petenense 
(Threadfin shad) 
Fundulus grandise 
(Gulf killifish) 
601,335 
109,768 
19,560 
18,841 
10,442 
10,425 
10,401 
7,539 
5,178 
3,740 
3,628 
3,440 
3,005 
2,344 
2,293 
2,241 
1,448 
584 
1,416 
724 
341 
252 
194 
180 
328 
263 
53 
96 
236 
196 
207 
154 
115 
132 
49 
26 
30 
216 
22 
248 
200 
155 
24 
102 
73 
84 
59 
22 
130,195 
14,037 
19,540 
16,771 
3,356 
2,993 
2,399 
2,459 
383 
259 
3,587 
3,417 
2,923 
328 
2,255 
270 
162 
83 
54 
142 
21 
108 
93 
61 
87 
71 
1 
4, 
3 
2, 
3, 
1 
1 
,264 
,722 
5 
,824 
,229 
,373 
,689 
,758 
981 
107 
39 
23 
4 
,391 
2 
356 
173 
96 
,353 
374 
2 
120 
93 
8 
217,459 
85,759 
19,545 
18,595 
7,585 
6,366 
5,088 
6,217 
1,364 
366 
3,626 
3,440 
2,927 
1,719 
2,257 
626 
335 
179 
1,407 
516 
23 
228 
186 
69 
166,953 
11,669 
13 
44 
752 
1,844 
2,084 
691 
1,418 
2,222 
1 
0 
2 
574 
4 
992 
734 
213 
0 
14 
165 
1 
6 
0 
216, 
12, 
2, 
2, 
3, 
2 
1, 
,923 
,340 
2 
202 
,105 
,215 
,229 
631 
,396 
,152 
1 
0 
76 
51 
32 
623 
379 
192 
9 
194 
153 
23 
2 
111 
383, 
24, 
2, 
4, 
5, 
1, 
3, 
3, 
1 
1 
,876 
,009 
15 
246 
,857 
,059 
,313 
,322 
,814 
,374 
2 
0 
78 
625 
36 
,615 
,113 
405 
9 
208 
318 
24 
8 
111 
297,148 
25,706 
19,553 
16,815 
4,108 
4,837 
4,483 
3,150 
1,801 
2,481 
3,588 
3,417 
2,925 
902 
2,259 
1,262 
896 
296 
54 
156 
186 
109 
99 
61 
304, 
84, 
2, 
6, 
5, 
5, 
4, 
3, 
1, 
1 
1 
,187 
,062 
7 
,026 
,334 
,588 
,918 
,389 
,377 
,259 
40 
•23 
80 
,442 
34 
979 
552 
288 
,362 
568 
155 
143 
95 
119 
599,043 
107,602 
19,319 
18,020 
3,917 
2,711 
884 
2,886 
5,178 
3,708 
3,541 
3,440 
2,842 
1,570 
2,086 
263 
77 
50 
1,412 
93 
7 
6 
161 
170 
2,292 
2,166 
241 
821 
6,525 
7,714 
9,517 
4,653 
0 
32 
87 
0 
163 
774 
207 
1,978 
1,371 
534 
4 
631 
334 
246 
33 
10 
U) 
CO 
Table 2 (Continued) 
Species 
Scientific name 
(common name) 
Citharichthys spilopterus 
(Bay whiff) 
Anchoa hepsetusS 
(Striped anchovy) 
Lagodon rhomboides 
(Pinfish) 
Bairdiella chrysura 
(Silver perch) 
Lepisosteus oculatus 
(Spotted gar) 
Galeichthys felis 
(Sea catfish) 
Dorosoma cepedianum 
(Gizzard shad) 
Achirus lineatus 
(Lined sole) 
Oligoplites saurus 
(Leatherjacket) 
Gobiosoma spp." 
(Gobies) 
Sphoeroides parvus 
(Least puffer) 
Cynoscion nebulosus 
(Spotted seatrout) 
Rhithropanopaeus harrisii 
(a tnud crab) 
Elops saurus 
(Ladyfish) 
Caranx hippos1 
(Crevalle jack) 
Pogonias cromis 
(Black drum) 
Gambusia affinis 
(Mosquitofish) 
Lepomis macrochirus 
(Bluegill) 
Strongylura marinax 
(Atlantic needlefish) 
Lepisosteus spatula 
(Alligator gar) 
Fundulus pulvereus 
(Bayou killifish) 
Lepomis punctatus 
(Spotted sunfish) 
Bagre marinus 
(Gafftopsail catfish) 
Total 
catch 
from all 
samples 
172 
146 
146 
121 
74 
67 
60 
55 
53 
49 
49 
39 
35 
25 
24 
24 
23 
22 
21 
21 
20 
20 
20 
Number 
of 
samples 
taken in 
37 
14 
46 
36 
26 
25 
30 
27 
31 
16 
17 
25 
6 
21 
13 
15 
8 
13 
13 
18 
3 
14 
9 
Marsh 
Semi-
impounded 
marsh 
69 
1 
12 
4 
2 
0 
30 
6 
8 
34 
1 
4 
27 
2 
8 
0 
23 
17 
4 
2 
2 
19 
0 
Island ca 
Natural 
marsh 
102 
1 
6 
6 
2 
33 
28 
6 
23 
0 
0 
3 
2 
2 
14 
0 
0 
0 
1 
5 
0 
0 
16 
itch 
Total 
171 
2 
18 
10 
4 
33 
58 
12 
31 
34 
1 
7 
29 
4 
22 
0 
23 
17 • 
5 
7 
2 
19 
16 
Bil 
Semi-
impounded 
marsh 
0 
104 
44 
48 
36 
0 
1 
5 
17 
8 
2 
3 
0 
8 
0 
13 
0 
5 
6 
10 
0 
1 
0 
oxi catch 
Natural 
marsh 
1 
40 
84 
63 
34 
34 
1 
38 
5 
7 
46 
29 
6 
13 
2 
11 
0 
0 
10 
4 
18 
0 
4 
Total 
1 
144 
128 
111 
70 
34 
2 
43 
22 
15 
48 
32 
6 
21 
2 
24 
0 
5 
16 
14 
18 
1 
4 
Total 
Semi-
impounded 
marsh 
69 
105 
56 
52 
38 
0 
31 
11 
25 
42 
3 
7 
27 
10 
8 
13 
23 
22 
10 
12 
2 
20 
0 
catch 
Natural 
marsh 
103 
41 
90 
69 
36 
67 
29 
' 44 
28 
7 
46 
32 
8 
15 
16 
11 
0 
0 
11 
9 
18 
0 
20 
Total 
Surface 
trawl 
1 
145 
13 
16 
5 
3 
38 
1 
45 
0 
0 
1 
28 
13 
10 
0 
22 
13 
21 
2 
20 
11 
1 
catch 
Otter 
trawl 
171 
1 
133 
105 
69 
64 
22 
54 
8 
49 
49 
38 
7 
12 
14 
24 
1 
9 
0 
19 
0 
9 
19 to 
Table 2 (Continued) 
Species 
Scientific name 
(common name) 
Total 
catch 
from all 
samples 
Number 
of 
samples 
taken in 
Marsh 
Semi-
impounded 
marsh 
Island catch 
Natural 
marsh Total 
Biloxi catch 
Semi-
impounded Natural 
marsh marsh Total 
Total catch 
Semi-
impounded Natural 
marsh marsh 
Total 
Surface 
trawl 
catch 
Otter 
trawl 
Archosargus probatocephalus 
(Sheepshead) 
Microgobjus gulosus 
(Clown goby) 
Lepomis microlophus 
(Redear sunfish) 
Ictalurus furcatus 
(Blue catfish) 
Fundulus confluentus 
(Marsh killifish) 
Symphurus plagiusa 
(Blackcheek tonguefish) 
Prionotus tribulus 
(Bighead searobin) 
Trichiurus lepturus 
(Atlantic cutlassfish) 
Gobionellus hastatus 
(Sharptail goby) 
Gobionellus shufeldti 
(Freshwater goby) 
Harengula pensacolae 
(Scaled sardine} 
Adinia xenica 
(Diamond killifish) 
Mug11 curema 
(White mullet) 
Syacium sp,-* 
(a flounder) 
Selene vomer 
(Lookdown) 
Myrophis punctatus 
(Speckled worm eel) 
Alosa chrysochloris 
(Skipjack herring) 
Synodus foetens 
(Inshore lizardfish) 
Chaetodipterus faber 
(Spadefish) 
Eucinostomus argenteusk 
(Spotfin mojarra) 
16 
16 
13 
13 
11 
11 
11 
10 
9 
9 
4 
4 
4 
4 
3 
3 
2 
2 
2 
2 
14 
14 
9 
10 
3 
10 
8 
8 
8 
3 
4 
3 
4 
2 
3 
3 
2 
2 
2 
2 
10 
0 
7 
3 
1 
0 
3 
2 
0 
0 
0 
0 
1 
0 
0 
2 
0 
0 
0 
1 
3 
0 
0 
10 
0 
0 
6 
6 
4 
7 
4 
0 
3 
4 
2 
1 
0 
0 
1 
1 
13 
0 
7 
13 
1 
0 
9 
8 
4 
7 
4 
0 
4 
4 
2 
3 
0 
0 
1 
2 
0 
12 
6 
0 
0 
2 
1 
1 
2 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
3 
4 
0 
0 
10 
9 
1 
1 
3 
2 
0 
4 
0 
0 
0 
0 
1 
2 
1 
0 
3 
16 
6 
0 
10 
11 
2 
2 
5 
2 
0 
4 
0 
0 
1 
0 
2 
2 
1 
0 
10 
12 
13 
3 
1 
2 
4 
3 
2 
0 
0 
0 
1 
0 
1 
2 
1 
0 
0 
1 
6 
4 
0 
10 
10 
9 
7 
7 
7 
9 
4 
4 
3 
4 
2 
1 
1 
2 
2 
1 
1 
0 
3 
8 
11 
0 
0 
7 
0 
0 
3 
4 
3 
4 
0 
3 
1 
0 
1 
0 
15 
16 
10 
5 
0 
11 
11 
3 
9 
9 
1 
0 
1 
0 
3 
0 
1 
2 
1 
2 
o 
Table 2 (Continued) 
Species 
Scientific name 
(common name) 
Total 
catch 
from all 
samples 
Number 
of 
samples 
taken in 
Marsh Island catch 
Semi-
impounded Natural 
marsh marsh Total 
Biloxi catch 
Semi-
impounded Natural 
marsh marsh Total 
Total catch 
Semi-
impounded Natural 
marsh marsh 
Total 
Surface 
trawl 
catch 
Otter 
trawl 
Fundulus similis 
(Longnose killifish) 
Dasyatis sabina 
(Atlantic stingray) 
Polydactylus octonemus 
(Atlantic threadfin) 
1 0 
0 1 
0 1 
Assistance in identification was given by Dr. A. E. Smalley, Department of Biology, Tulane University, New Orleans, Louisiana 70118. 
bAll the pipefish were identified by, and donated to, Dr. Edwin B. Joseph, Virginia Institute of Marine Science, Gloucester Point, Va. 23062. 
cThis category includes only gobies taken in the surface trawl; I made no attempt to identify them beyond the family level. 
Assistance in identification of the smaller specimens was given by Dr. Herbert T. Boschung, Natural History Museum, University of Alabama, University, 
Ala. 35486. 
eAll members of the genus Fundulus were identified by, and donated to, Dr. Boschung or his assistants. 
^The smallest members were identified by Mr. C. E. Dawson, Gulf Coast Research Laboratory, Ocean Springs, Miss. 39564. 
^Identification of the larger specimens was confirmed by Dr. Frederick H. Berry, Tropical Atlantic Biological Laboratory, Miami, Fla. 33149. The 
smaller specimens seemed unusually slender to me and I could not identify them. Dr. Berry found they conformed to A. hepsetus in all characters except 
gillraker numbers; he concluded they must be A. hepsetus also. Most were donated to Dr. Berry. 
^Either G. bosci or G. robustum. All gobies identified beyond the family level were taken in the otter trawl; most of these were identified by 
Mr. C. E. Dawson. 
identified or confirmed by Dr. Frederick H. Berry. 
-'These tiny juveniles were identified to genus by Mr, C. E. Dawson. 
Identified by Dr. Herbert T. Boschung. 
4* 
Table 3. Weight, in grams, of fishes and shrimps caught in all the 400-meter trawl samples made between February 1, 1967 and February 10, 1968 with 
a breakdown by area, marsh type, and trawl type3 
(201 surface trawl, and 195 otter trawl, samples were taken) 
Species 
Scientific name 
(common name) 
Total 
catch 
from all 
samples 
Number 
of 
samples 
taken in 
Marsh Island catch 
Semi-
impounded Natural 
marsh marsh Total 
Biloxi catch 
Semi-
impounded Natural 
marsh marsh Total 
Total catch 
Semi-
impounded Natural 
marsh marsh 
Total 
Surface 
trawl 
catch 
Otter 
trawl 
Anchoa mitchilli 
(Bay anchovy) 
Leiostomus xanthurus 
(Spot) 
Lepisosteus oculatus 
(Spotted gar) 
Lepisosteus spatula 
(Alligator gar) 
Brevoortia spp. 
(Menhaden) 
Mugil cephalus 
(Striped mullet) 
Micropogon undulatus 
(Atlantic croaker) 
Penaeus aztecus 
(Brown shrimp) 
Penaeus setiferus 
(White shrimp) 
Paralichthys lethostigma 
(Southern flounder) 
Ictalurus furcatus 
(Blue catfish) 
Pogonias cromis 
(Black drum) 
Membras martinica 
(Rough silverside) 
Lucania parva 
(Rainwater killifish) 
Cynoscion arenarius 
(Sand seatrout) 
Palaemonetes spp. 
(grass shrimp) 
Dorosoma cepedianum 
(Gizzard shad) 
Menidia beryllina 
(Tidewater silverside) 
Lagodon rhomboides 
(Pinfish) 
Archosargus Probatocephalus 
(Sheepshead) 
Trinectes maculatus 
(Hogchoker) 
Galeichthys felis 
(Sea catfish) 
Cyprinodon variegatus 
(Sheepshead minnow) 
113,912 
95,922 
75,456 
75,207 
70,645 
47,027 
42,749 
30,914 
30,512 
13,246 
8,170 
5,517 
4,286 
4,207 
3,258 
3,241 
2,920 
2,886 
2,692 
2,674 
2,337 
1,836 
1,645 
328 
207 
26 
18 
263 
216 
236 
196 
154 
84 
10 
15 
115 
53 
102 
96 
30 
132 
46 
14 
73 
25 
22 
35,287 
36,432 
955 
7,756 
16,271 
10,859 
17,785 
9,239 
12,604 
7,612 
d5,307 
0 
380 
4,199 
660 
2,892 
1,279 
203 
426 
2,230 
85 
0 
1,614 
18,500 53,786 
20,690 57,122 
2,313 3,268 
33,656 41,413 
33,945 50,216 
27,485 38,344 
6,774 24,559 
4,125 13,364 
6,186 18,790 
3,920 11,532 
2,863 8,170 
0 0 
1,028 1,408 
2 4,201 
1,689 2,349 
306 3,198 
1,406 2,685 
119 322 
184 610 
141 2,371 
6 91 
677 677 
2 1,616 
26,540 
19,305 
36,740 
26,400 
10,204 
6,346 
6,650 
9,825 
8,445 
242 
0 
3,849 
1,309 
5 
145 
8 
6 
1,821 
1,075 
0 
1,519 
0 
9 
33,586 
19,495 
35,448 
7,394 
10,225 
2,336 
11,539 
7,726 
3,276 
1,472 
0 
1,668 
1,568 
1 
764 
35 
230 
743 
1,007 
303 
727 
1,159 
20 
60,126 
38,800 
72,188 
33,794 
20,429 
8,683 
18,190 
17,550 
11,721 
1,714 
0 
5,517 
2,877 
6 
909 
43 
236 
2,564 
2,082 
303 
2,246 
1,159 
29 
61,826 52,086 
55,737 40,185 
37,695 37,761 
34,157 41,050 
26,475 44,170 
17,206 29,821 
24,435 18,314 
19,063 11,851 
21,049 9,463 
7,854 5,392 
5,307 2,863 
3,849 1,668 
1,690 2,596 
4,204 3 
805 2,453 
2,900 341 
1,284 1,636 
2,024 862 
1,502 1,190 
2,230 444 
1,604 733 
0 1,836 
1,623 22 
112,473 
4,223 
4,448 
907 
64,447 
20,745 
1,599 
3,704 
6,475 
779 
6,310 
0 
4,286 
4,135 
193 
3,031 
2,514 
2,816 
256 
107 
16 
284 
1,480 
1,439 
91,699 
71,009 
74,300 
6,197 
26,282 
41,150 
27,210 
24,037 
12,467 
1,860 
5,517 
0 
73 
3,065 
210 
406 
70 
2,436 
2,567 
2,321 
1,552 
165 
4^  
Table 3 (Continued) 
Species 
Scientific name 
(common name) 
Total 
catch 
from all 
samples 
Number 
of 
samples 
taken in 
Marsh Island catch 
Semi-
impounded Natural 
marsh marsh Total 
Biloxi catch 
Semi-
impounded Natural 
marsh marsh Total 
Total catch 
Semi-
impounded Natural 
marsh marsh 
Total 
Surface 
trawl 
catch 
Otter 
trawl 
Bairdiella chrysura 
(Silver perch) 
Lepomis microlophus 
(Redear sunfish) 
Mollienesia latipinna 
(Sailfin molly) 
Cynoscion nebulosus 
(Spotted seatrout) 
Lepomis macrochirus 
(Bluegill) 
Elops saurus 
(Ladyfish) 
Dorosoma petenense 
(Threadfin shad) 
Lepomis punctatus 
(Spotted sunfish) 
Citharichthys spilopterus 
(Bay whiff) 
Fundulus grandis 
(Gulf killifish) 
Gobiidae 
(Gobies) 
Trichiurus lepturus 
(Atlantic cutlassfish) 
Syngnathus scovelli 
(Gulf pipefish) 
Bagre marinus 
(Gafftopsail catfish) 
Caranx hippos 
(Crevalle jack) 
Dasyatis sabina 
(Atlantic stingray) 
Sphoeroides parvus 
(Least puffer) 
Oligoplites saurus 
(Leatherjacket) 
Gobionellus hastatus 
(Sharptail goby) 
Achirus lineatus 
(Lined sole) 
Symphurus plagiusa 
(Blackcheek tonguefish) 
Penaeus spp. 
(shrimp) 
Prionotus tribulus 
(Bighead searobin) 
1,618 
1,376 
1,281 
1,149 
1,005 
922 
887 
784 
718 
569 
467 
402 
391 
225 
221 
215 
196 
121 
106 
93 
76 
74 
67 
36 
9 
30 
25 
13 
21 
59 
14 
37 
22 
26 
8 
49 
9 
13 
1 
17 
31 
8 
27 
10 
24 
8 
98 
932 
1,247 
156 
798 
93 
480 
674 
366 
379 
464 
59 
382 
0 
58 
0 
3 
20 
0 
9 
0 
2 
10 
87 
0 
1 
39 
0 
108 
347 
0 
347 
54 
3 
144 
8 
187 
147 
0 
0 
44 
43 
12 
0 
72 
5 
186 
932 
1,248 
195 
798 
201 
827 
674 
713 
433 
467 
203 
390 
187 
206 
0 
3 
64 
43 
21 
0 
74 
5 
741 
444 
1 
107 
207 
180 
48 
110 
0 
0 
0 
162 
(e) 
0 
0 
0 
9 
48 
33 
15 
16 
0 
51 
692 
0 
32 
847 
0 
541 
11 
0 
5 
136 
0 
37 
(e) 
38 
15 
215 
184 
9 
30 
58 
59 
(e) 
1 
1,433 
444 
33 
954 
207 
721 
59 
110 
3 
136 
0 
199 
1 
38 
15 
215 
193 
57 
63 
73 
76 
(e) 
52 
839 
1,376 
1,248 
263 
1,005 
273 
529 
784 
366 
379 
464 
221 
383 
0 
58 
0 
12 
67 
33 
24 
16 
2 
61 
779 
0 
33 
886 
0 
649 
358 
0 
352 
190 
3 
181 
8 
225 
162 
215 
184 
53 
73 
69 
59 
72 
6 
196 
339 
1,177 
16 
581 
327 
691 
373 
(e) 
468 
467 
180 
377 
7 
78 
0 
0 
97 
0 
(e) 
0 
73 
0 
1,423 
1,037 
103 
1,133 
423 
595 
196 
411 
718 
101 
0 
222 
14 
218 
143 
215 
196 
24 
106 
93 
76 
1 
67 
to 
Table 3 (Continued) 
Species 
Scientific name 
(common name) 
Total 
catch 
from all 
samples 
Number 
of 
samples 
taken in 
Marsh Island catch 
Semi-
impounded Natural 
marsh marsh Total 
Biloxi catch 
Serai-
impounded Natural 
marsh marsh Total 
Total catch 
Semi-
impounded Natural 
marsh marsh 
Total 
Surface 
trawl 
catch 
Otter 
trawl 
Anchoa hepsetus 
(Striped anchovy) 
Strongylura marina 
(Atlantic needlefish) 
Mugil curema 
(White mullet) 
Gobionellus shufeldti 
(Freshwater goby) 
Microgobius gulosus 
(Clown goby) 
Chaetodipterus faber 
(Atlantic spadefish) 
Alosa chrysochloris 
(Skipjack herring) 
Polydactylus octonemus 
(Atlantic threadfin) 
Harengula pensacolae 
(Scaled sardine) 
Synodus foetens 
(Inshore lizardfish) 
Myrqphis punctatus 
(Speckled worm eel) 
Eucinostomus argenteus 
(Spotfin mojarra) 
Gobiosoma spp. 
(Gobies) 
Selene vomer 
(Lookdown) 
Fundulus pulvereus 
(Bayou killifish) 
Fundulus confluentus 
(Marsh killifish) 
Gambusia affinis 
(Mosquitofish) 
Adinia xenica 
(Diamond killifish) 
Fundulus similis 
(Longnose killifish) 
Syacium sp. 
(a flounder) 
60 
47 
35 
33 
30 
29 
27 
24 
22 
20 
18 
17 
15 
11 
9 
5 
3 
2 
1 
(e) 
14 
13 
4 
3 
14 
2 
2 
1 
4 
2 
3 
2 
16 
3 
3 
3 
8 
3 
1 
2 
1 
2 
10 
0 
0 
0 
0 
0 
0 
0 
17 
12 
6 
0 
1 
1 
3 
0 
0 
0 
6 
8 
25 
29 
0 
12 
0 
24 
22 
0 
1 
5 
0 
8 
0 
0 
0 
0 
0 
(e) 
7 
10 
35 
29 
0 
12 
0 
24 
22 
0 
18 
17 
6 
8 
1 
1 
3 
0 
0 
(e) 
15 
14 
0 
0 
23 
0 
16 
0 
0 
0 
0 
0 
6 
3 
0 
0 
0 
0 
0 
0 
38 
24 
0 
4 
7 
17 
11 
0 
0 
20 
0 
0 
3 
0 
8 
4 
0 
2 
1 
0 
53 
37 
0 
4 
30 
17 
27 
0 
0 
20 
0 
0 
9 
3 
8 
4 
0 
2 
1 
0 
16 
16 
10 
0 
23 
0 
16 
0 
0 
0 
17 
12 
12 
3 
1 
1 
3 . 
0 
0 
0 
44 
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heights are rounded to the nearest whole gram. 
None of the crabs were weighed. 
CThe footnotes to species in Table 3 apply to those species in this table also. 
One of the three blue catfish taken here was not weighed. 
Weight was less than 0.5 gram, but could not logically be rounded to zero. 
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For each species captured, the total number of indi-
viduals taken is listed in Table 2. As an indication of 
catch variability, the number of samples the species was 
taken in is given, as well as a breakdown of the catch by 
area, marsh type (semi-impounded or natural), and trawl type. 
The species are listed in descending order in regard to the 
total number taken. Common names are given in parentheses. 
Table 3 summarizes the corresponding information on a total 
weight basis. 
GROUP COMMENTS 
The next few pages contain comments on groups of 
fishes (as opposed to particular species) listed in Tables 
2 and 3. Also, these comments illustrate the importance of 
having additional information, such as my field and labora-
tory data, before making quantitative comparisons from the 
tables. 
HABITAT DIFFERENCES 
Habitat differences at specific sample sites, though 
frequently subtle, may determine relative species abundance. 
Tables 2 and 3 lump data, in various ways, from a number of 
sites. Analysis by individual sample site is often more 
useful, providing habitat differences are known. Site AS is 
a case in point. 
Vegetation.—Sample site AS was the only one (in-
cluding those at Biloxi) with an abundance of vegetation. 
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The effect of this difference in habitat, on certain species, 
is evident in Table 4, which shows the catch of selected 
organisms at Marsh Island. 
The species in Table 4 are marsh residents through-
out their lives and all are small at maturity. None became 
abundant at AS until the widgeongrass and pondweeds invaded 
the site; over 97% of the grass shrimp, and 99% of the other 
groups, were taken after that time. The vegetation may have 
furnished them food, cover, or both. Except for the sheeps-
head minnow, the close association of these organisms with 
vegetation agrees with the findings of other authors 
(Hildebrand and Schroeder, 1928; Kilby, 1955; Springer and 
Woodburn, 1960; Gunter, 1967a; Holloway, 1969; Weaver, 
1969). Holloway and Weaver also found the sheepshead minnow 
closely associated with vegetation, but Kilby found it pri-
marily in unvegetated pools within the marsh. Springer and 
Woodburn say it prefers shallow waters, next to the shore, 
which are devoid of vegetation. The shallow unvegetated 
areas where this fish was found by Springer and Woodburn, 
and Kilby, were normally high salinity areas but subject to 
extreme fluctuations in environmental parameters such as 
dissolved oxygen, salinity and temperature. Gunter (1967b) 
characterized the sheepshead minnow as ". . . the toughest 
aquatic animal in North America." Therefore, it is likely 
Springer and Woodburn, and Kilby, found these fish in 
shallow unvegetated areas because they were better able to 
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survive there than their predators. In the more moderate 
environment at Marsh Island, sheepshead minnows probably 
required the protection of vegetation to thrive. 
Table 4. Catch of selected organisms at the vegetated 
sample site, AS, and the remaining Marsh Island 
sample sites 
Number caught 
Organisms AS Remaining Sites 
Rainwater killifish 19,522 23 
Grass shrimp 16,743 1,852 
Gulf pipefish 3,576 50 
Gobies 3,437 48 
Sailfin molly 2,923 4 
Sheepshead minnow 2,253 4 
Mosquitofish 23 0 
BILOXI FISH KILL 
About the middle of May 1967, a fish kill began at 
a number of spots throughout the Biloxi area. Dead fish 
were still evident in many scattered locations on Trip 5 
(May 22), which was several days after the kill had nearly 
ceased. 
Sample Site IN 
Numerous dead fish were observed in Bayor Hasouse 
to within a mile of sample site IN, but none were seen 
closer than this. Even so, Trip 5 catch at IN showed ob-
vious evidence of the kill. On Trip 4, 17 species were 
taken at IN, and individuals of 13 of these species were 
common to abundant; on Trip 5, in Day 1 trawls at IN, except 
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for tidewater silverside, only five individuals were of the 
formerly common to abundant species. 
Day 1 and Day 2 catch 
Table 5 presents the catch for Day 1 and Day 2 at 
IN, Trip 5, and the catch of seven selected species from 
all remaining Biloxi samples for the entire project. 
Oxygen depletion.—The types of organisms taken on 
Day 1 indicate the fish kill probably was caused by oxygen 
depletion. Nearly all the organisms caught then were small 
species capable of surviving nearly anaerobic conditions by 
utilizing oxygen diffusing into a thin layer at the water 
surface. Spotted gar (the only large fish taken) have a 
swim bladder capable of serving as a lung. Toxic substances 
would have produced a less selective kill. 
Protection by vegetation.—The seven selected spe-
cies listed in the first column of Table 5 usually inhabit 
marsh shallows, edges, or vegetated areas, and presumably 
did so at the time of the fish kill. Afterwards, they in-
vaded the open water habitat, probably because of the 
absence of predators, or because of higher oxygen levels 
there. Three of these species are also listed in Table 4, 
and the other four in that table are similar species. 
Therefore, it seems likely the fishes listed in Table 4 were 
abundant at AS largely because of the protection offered by 
the submergent vegetation; this also suggests lack of 
Table 5. Day 1 and Day 2 catch at IN, Trip 5, 
and catch of selected species from all 
the remaining routine Biloxi samples 
for the entire project (Otter and sur-
face trawl catch combined) 
Species 
Gulf killifish 
Sailfin molly 
Sheepshead minnow 
Bayou killifish 
Marsh killifish 
Diamond killifish 
Gulf pipefish 
Number 
Day 
1 
105 
75 
31 
18 
9 
1 
1 
Day 
2 
4 
0 
0 
0 
0 
0 
0 
caught 
Remaining 
Samples 
2 
0 
5 
0 
1 
3 
1 
Species 
Tidewater silverside 
Brown shrimp 
Menhaden 
Spotted gar 
Blue crab 
Striped anchovy 
Atlantic needlefish 
Silver perch 
Striped mullet 
Ladyfish 
Number 
Day 
1 
693 
1 
3 
3 
1 
0 
0 
6 
0 
0 
caught 
Day 
2 
218 
0 
2,646 
1 
50 
8 
2 
1 
1 
1 
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predation as the more likely cause for the Day 1 catch at IN. 
Whatever the cause at IN, it seems Day 1, Trip 5, was the 
last day it existed. Of the seven species, only four Gulf 
killifish were taken on Day 2, and none of these seven spe-
cies were ever taken in abundance at Biloxi at any other 
time. 
Repopulation.—The last column in Table 5 indicates 
additional species were invading the IN site on Day 2. The 
influx of crabs is especially noticeable. They were defi-
nitely scarce on Day 1; the otter trawl was repeated that 
day when the first run caught nothing. The second run took 
only two gar, one killifish, the crab listed, and a dead 
crab. 
Remaining Sample Sites 
The effect of the Biloxi fish kill was not obvious 
at sites IS, 2N, and 2S at the time Trip 5 samples were 
taken. However, when the length-frequency graphs for the 
major species were analyzed, it became apparent these sites 
were also affected. In a number of instances, the graphs 
indicate mortality or emigration occurred, especially of 
the larger juveniles. 
Tables 2 and 3 
The effects of the fish kill are totally masked in 
Tables 2 and 3. This again illustrates the danger in at-
tempting quantitative comparisons based solely on lumped data. 
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COMMENTS ON MINOR SPECIES 
The juveniles of many of the species listed in 
Tables 2 and 3 emigrate to the Gulf as they approach matu-
rity, subsequently spawn in the Gulf, and most do not 
return to the marshes. Little is known of their life his-
tory and population dynamics in the Gulf. Consequently, my 
judgments on the comparative value of semi-impounded and 
natural marshes, as nurseries for these species, have neces-
sarily been based on the relative abundance, distribution 
pattern, and apparent well being, of their juveniles in each 
marsh type. 
Palamonetes pugio were the only grass shrimp taken 
at Biloxi. They were taken mostly in the natural marsh, as 
was true in my earlier weir study (Herke, 1968). About 13% 
of the grass shrimp taken at Marsh Island were keyed to 
species; 1,229 were P. paludosus, and 1,216 were P. pugio, 
but relative abundance of the two species varied seasonally. 
From the individual sample site records, it appears semi-
impoundment decreased the abundance of J?, pugio if sub-
mergent vegetative growth was not stimulated, but increased 
abundance slightly if vegetation increased. P. paludosus 
was relatively unaffected by semi-impoundment unless 
vegetative growth was stimulated, in which case JP. paludosus 
multiplied tremendously. Since stimulation of vegetative 
growth is a major objective of semi-impoundment, this 
management practice apparently benefits P. paludosus. 
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Membras martinica (= M. vagrans), the rough silver-
side, is reported by Gunter (1945) to be much less common 
on Gulf of Mexico bay flats than is Menidia beryllina, the 
tidev/ater silverside; both were said to require ample cover 
and protection. A somewhat different situation seems to 
exist in the marsh habitat of my study; 5,178 rough silver-
side, compared to 3,740 tidewater silverside, were taken. 
At Marsh Island, fewer rough silverside were taken at AS, 
the site with protective cover, than at any of the other 
sample sites; however, two-thirds of the Marsh Island tide-
water silverside were from AS. 
The catch of rough silverside and tidewater silver-
side was well distributed among 115 and 132 samples 
respectively; all but 32 of these fish were taken in the 
surface trawl. By number, 65% of the rough silverside were 
captured in natural marsh; by weight, 61%. For tidewater 
silverside, 66% by number, and 70% by weight, of the catch 
was from semi-impounded marsh. Natural marsh seems to 
provide the better habitat for the rough silverside; for the 
tidewater silverside semi-impoundment seems to have been 
beneficial, especially when it stimulated vegetative growth. 
Callinectes sapidus, the blue crab, deserves major 
species status because of its ecological and economic im-
portance. Nonetheless, it is included here because analysis 
of the data is thus far only sufficient to permit a few 
statements. 
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Recruitment was greater in the cooler months, but a 
few juveniles less than 20 mm in carapace width were taken 
every month except October at Marsh Island; no blue crabs 
this small were taken at Biloxi after the late June trip 
until late November. Females of all sizes were scarce from 
August through November, except at AS where pondweeds were 
abundant. Males were considerably more abundant than fe-
males at all sizes, even the very small ones. 
Cynoscion arenarius, the sand seatrout, occurred in 
68 samples at Marsh Island. Only 8 were taken at the vege-
tated site, AS, whereas 129 were caught at the matching 
natural marsh site. At the BS site, which was also semi-
impounded but unvegetated, 134 were taken; 245 were caught 
at the matching natural marsh site. At Biloxi, sand 
seatrout were taken in 34 samples; only 14 of the 208 caught 
were from the semi-impounded marsh. In June 1969, 58 were 
taken in 7 samples, all from the natural marsh. Most of 
these were from unvegetated sites. 
Burleigh (1966), using gear effective on adult sand 
seatrout, took only one; therefore, the sand seatrout seems 
to use the marsh primarily as a nursery. Semi-impoundment 
decreased the nursery use of the marsh by sand seatrout, 
especially where rooted vegetation became established as a 
result. 
Cynoscion nebulosus, the spotted seatrout, has been 
found by Tabb (1966) and others to be one of the few Florida 
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fishes that usually spend their entire lives in the estu-
arine zone. It spawns in Texas bays and lagoons (Guest and 
Gunter, 1958) but Tabb indicated low larval survival if 
salinity were significantly below 36 ppt. Therefore, Louisi-
ana spawning may be farther offshore than my areas. 
Guest and Gunter said most of the young are found in 
marine vegetation; they also stated spotted seatrout are not 
commonly caught in trawls. I captured only 7 in regular 
Marsh Island trawls, perhaps because of the low salinity, 
and none were taken as AS. However, in another vegetated, 
semi-impounded Marsh Island lagoon I took five small spotted 
seatrout in a single unscheduled trawl sample. 
Spotted seatrout 10 inches and longer are often 
abundant near Biloxi weirs and sport fishermen actively seek 
them there. Since Gunter (1945) found no relationship 
between size and salinity, and larger spotted seatrout are 
known to have been reasonably abundant at Biloxi but were 
rarely caught in the trawls, most of the juveniles may also 
have been able to evade the trawls. 
Only 4 of the 33 taken at Biloxi were from semi-
impounded marsh; 4 of the 7 from Marsh Island were. Though 
present information is inconclusive, semi-impoundment may 
reduce use of the marsh as a nursery for spotted seatrout. 
I took no silver seatrout, Cynoscion nothus. Adult 
sand and silver seatrouts look alike, and small juveniles 
are so similar they are separated by counting the soft anal 
rays. The spotted, sand, and silver seatrouts all inhibit 
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the Gulf. Apparently the estuarine zone serves as an eco-
logical isolating mechanism for the three species. Spotted 
seatrout live and spawn there, and use it as a nursery. 
Sand seatrout use it as a nursery but apparently spend most 
of their adult lives in waters of higher salinity. Silver 
seatrout do not seem to use the area, or at least the 
marshes I studied, at any stage of their life cycle. 
Bairdiella chrysura, the silver perch, occurred in 
36 of the monthly samples; 52 were captured in semi-
impounded, and 69 in natural marsh. At Marsh Island and at 
Station 1 at Biloxi, catch was evenly divided between the 
two marsh types but was predominantly from the natural marsh 
at the other Biloxi station. In June 1969, 44 were taken in 
4 of the samples in natural marsh; only 6 were taken in 3 of 
of the samples in semi-impounded marsh. Semi-impoundment 
did not consistently decrease use of the marsh by silver 
perch. 
Galeichthys felis, the sea catfish, Bagre marinus, 
the gafftopsail catfish, and Ictalurus furcatus, the blue 
catfish, were the three catfishes taken. Sixty-seven sea 
catfish and 20 gafftopsail catfish were taken in the natural 
marsh; none were taken in semi-impounded marsh. The next 
season. Weaver (1969) took smaller numbers of each, but all 
in natural marsh. Burleigh (1966) trammel netted 52 larger 
sea catfish in natural marsh and 7 in semi-impounded marsh. 
It is obvious that semi-impoundment at Marsh Island and 
56 
Biloxi reduced nursery use of the marsh by gafftopsail and 
sea catfishes. 
I took 10 of 13 blue catfish from natural marsh but 
the three from semi-impounded marsh were large, the heaviest 
weighing over 3 kg. All were caught at Marsh Island. Pre-
sumably they remain there throughout their life span, so 
they are not using the marsh primarily as a nursery. 
Paralichthys lethostigma, the southern flounder, 
was never taken in large numbers in a single sample. In the 
monthly samples, they were taken in relatively even numbers 
at Marsh Island paired sample sites. In the monthly and 
supplementary samples at Biloxi, all but 3 of the 44 taken 
were from natural marsh. At Marsh Island, semi-impoundment 
had no noticeable effect on use of the marsh by southern 
flounder; at Biloxi it did. Apparently the presence or 
absence of a weir per se does not affect this species. 
Trinectes maculatus, the hogchoker, was fairly common 
at Biloxi but was rarely taken at Marsh Island. They can 
survive in fresh water, so salinity could not be a factor in 
this difference. This tiny flounder lies flat on the bottom. 
Perhaps the outboard propwash picked them off the bottom and 
increased their catch rate at Biloxi; though never taken in 
large numbers there, a total of 318 were caught in 59 sam-
ples. Catch at paired sample sites was nearly equal. In 
June 1969 they occurred in 10 of the 14 samples; 13 were 
taken in semi-impounded, and 15 in natural marsh. 
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Semi-impoundment had no apparent effect on use of the marsh 
by this fish. 
Lagodon rhomboides, the pinfish, was seldom taken 
at Marsh Island. This species does not lie flat on the 
bottom, so I think it was truly rare at my Marsh Island 
sample sites. 
At Biloxi, 128 were taken in 31 monthly samples; 
two-thirds of these came from natural marsh. This species 
is known to prefer vegetated areas. Submerged vegetation 
was rare during the main study, but abundant in June 1969. 
Pinfish were also relatively abundant then; 183 were taken 
in the otter trawl in 2 days then as compared to 118 during 
the entire main study. About two-thirds were again from 
natural marsh and all but 14 of the others were taken in a 
single sample. 
Semi-impoundment of the marsh apparently decreased 
its use by pinfish. Semi-impoundment may be beneficial to 
this species if growth of rooted vegetation is stimulated. 
Sphoeroides parvus, the least puffer, has only 
recently been described (Shipp and Yerger, 1969). All 49 
of my specimens were identified by Mr. Robert L. Shipp, 
Department of Biological Science, Florida State University. 
Least puffers occurred in 18 samples; only 3 were taken from 
semi-impounded marsh, 2 at Biloxi and 1 at Marsh Island. 
The other 46 came from the Biloxi natural marsh sites. Ob-
viously, semi-impoundment reduced least puffer use of the 
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marsh as a nursery during my study. 
Gunter (1945) took 124 S. parvus (= S_. marmoratus); 
one was taken at a salinity of 4.4 ppt; one between 5.0 and 
9.9 ppt; nine between 10 and 14.9 ppt; and the remainder at 
higher salinities. The lowest salinities at which I took 
S_. parvus during the monthly samples, were 8.1 ppt (Marsh 
Island) and 9.1 ppt (Biloxi). These captures were in semi-
impounded areas. In June 1969 only one least puffer was 
taken at Biloxi, in natural marsh; salinity was about 7.6 
ppt. Mean salinity in the Biloxi semi-impounded marsh 
(Fig. 5) was consistently below that in the natural marsh 
and rarely above 12 ppt. Gunter's "Sphoeroides marmoratus" 
was actually Sphoeroides parvus and the lower salinities 
behind the weirs may well have been a factor in their 
scarcity there (R. L. Shipp, personal communication). This 
would also explain their scarcity at Marsh Island, since 
they are distributed throughout the western Gulf of Mexico. 
It is worth noting that no least puffers were taken 
in the surface trawl even though it fished to within 6 
inches of the bottom. Such a small, slow swimming fish 
could hardly have evaded this trawl by swimming around or 
jumping over it. Therefore, the least puffer must either 
stay close to the bottom, or immediately descend to the 
bottom, when alarmed. 
Elops saurus, the ladyfish, occurred in 21 samples. 
Six of the 25 taken were early metamorphic larvae, and 2 of 
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these were from semi-impounded marsh. Catch was too evenly 
divided between semi-impounded and natural marsh to indi-
cate a definite preference of the ladyfish for either. 
Lepomis macrochirus, the bluegill, L. punctatus, the 
spotted sunfish, and L. microlophus, the redear sunfish, 
were the three centrarchids taken in the monthly samples. 
They were taken only in semi-impounded marsh, and at Marsh 
Island only at the vegetated site. The total number caught, 
and the maximum salinity I caught them in were: bluegill, 
22—11.2 ppt; spotted sunfish, 20—11.4 ppt; and redear 
sunfish, 13—11.4 ppt. Although sunfishes are normally 
considered freshwater fishes, these are not maximum toler-
ance limits for these species. Burleigh (1966) reported 
them at salinities near 18 ppt. Most of his catch was from 
semi-impounded marsh. In June, 1969 I took 15 of these 
centrarchids, all from semi-impounded marsh. Semi-
impoundment favors them, especially if growth of submergent 
vegetation is stimulated. 
Like the blue catfish, the sunfishes spend their 
entire life span in the marsh and are not using it primarily 
as a nursery. Limiting effects of physical factors are 
often exerted on the reproductive stages or on the young 
(Pearse and Gunter, 1957). The partially stabilized water 
levels in semi-impounded marsh prevent drainage, during low 
tides, of "dead end" lagoons and potholes. Such dead end 
water areas have reduced water exchange and probably tend 
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to retain rainfall. Consequently, salinities in some are 
probably lowered to the level required for successful spawn-
ing of freshwater fishes. 
Microgobius gulosus, the clown goby, was taken in 
14 samples at Biloxi; 12 of the 16 caught were taken in 
semi-impounded marsh. Although I took none at Marsh Island, 
Holloway (1969) and Weaver (1969) together took 23 in 9 sam-
ples. These were all from vegetated sample sites in the 
semi-impounded marsh. The construction of weirs apparently 
benefits this species, especially if vegetation is increased. 
Symphurus plagiusa, the blackcheek tonguefish, also 
lies flat on the bottom. None were taken at Marsh Island; 
11 were taken in 10 Biloxi samples; only 2 were from semi-
impounded marsh. Construction of weirs may reduce use of 
the marsh by this species. 
Except for those to be analyzed in detail, the re-
maining species were not affected in a consistent manner by 
semi-impoundment or were taken in too few samples, or too 
small numbers, to warrant further discussion. 
MAJOR SPECIES 
Throughout the remainder of this work, I will show 
that semi-impoundment does affect a number of species and 
will also develop support for the following hypotheses: 
1) juvenile fishes and shrimps respond by emigration to 
the interaction of seemingly minor changes in environ-
mental factors, especially salinity. 
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2) interpretation of most juvenile length-frequencies 
obtained from open water samples has been confounded, 
and that much misinterpretation of life history data 
has resulted from this. 
3) the marsh, not the open water estuarine area, is 
Louisiana's primary nursery. 
Since much of the analysis for the major species is 
based on their length-frequency distributions and catch 
rates, some remarks on these general subjects are appropriate 
here. 
Length-frequencies and Catch Rates 
Estimation of age from length-frequency distribu-
tions is based on the fact that the lengths of individuals 
of one age tend to form a normal distribution; each major 
peak of the distribution curve is presumed to represent the 
modal length of a separate age class. The same reasoning is 
often used to interpret growth rate during the year by ob-
serving the progression of peaks in samples taken at periodic 
intervals. Assumptions that must be met for the method to be 
valid when determining growth rate include: (1) the periodic 
samples come from the same population, (2) their length-
frequency distribution is representative of that population, 
and (3) any mortality that occurs is not size-selective. 
Factors confounding the interpretation of length-frequency 
distributions in relation to growth rate include (1) capture 
of transients in the samples, (2) size-selectivity of the 
capture gear, (3) size-selective mortality such as caused by 
fishing, and (4) immigration and emigration between sample 
periods. Unless previous studies involving juvenile length-
frequencies met the necessary assumptions, or the authors 
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made adequate compensations in their interpretations, con-
clusions based on the length-frequencies they obtained 
would probably be inaccurate. 
Comparison with Previous Studies 
This and other recent studies have demonstrated that 
large numbers of young organisms pass through open water 
areas into the marshes, grow for awhile, and then return to 
the Gulf. Therefore, samples collected in open waters may 
include transients coming and going. However, at none of 
my sample sites could young organisms penetrate much farther 
into the marsh; presumably, length-frequency confounding 
from sampling of transients was minimal. 
I believe I was able to compensate for the size-
selectivity of my gear by deducing its relative effective-
ness on the various length classes of each species. For 
instance, my otter trawl began to catch Atlantic croaker 
when they reached 20 mm, but most still passed through the 
mesh. Effectiveness of the trawl increased until the fish 
reached 50 to 70 mm. Since 80-mm Atlantic croakers could 
not pass through the mesh, additional growth only helped 
them evade the trawl. Therefore, size of the fish was taken 
into account when analyzing each monthly length-frequency 
distribution. Compensations of this type have rarely been 
made in previous studies. 
Many open water estuarine studies have been subject 
to size-selective fishing mortality. It occurs even in 
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marshes (Loesch and Jacob, 1970; Thomas and Loesch, 1970) 
but did not affect my study appreciably. Commercial fish-
ing and all trawling are prohibited on Marsh Island; trawl-
ing occurs in some of the deeper Biloxi bayous but I have 
never witnessed it in shallow areas such as my sample sites. 
Estuarine zones are open-ended systems in which 
organisms can immigrate and emigrate at will. In response 
to stimuli determined throughout their evolutionary history, 
surviving juveniles of most estuarine-dependent marine 
species eventually emigrate back to the sea. All members of 
a species do not emigrate at the same exact time or size, so 
a combination of factors must stimulate their emigration; 
response to the combination is further modified by biologi-
cal variation. Therefore, emigration in response to a 
specific set of environmental factors can be expected to 
result in a range of sizes at any given site, but this range 
should contain a mode. 
Since most juveniles apparently emigrate before 
reaching sexual maturity, increasing size must be an impor-
tant factor stimulating emigration. Consequently, under the 
environmental factors existing at any particular time, it 
must normally be the larger individuals of the species that 
receive the greatest stimulus to emigrate. In marshes, 
water level fluctuations may also affect distributions by 
draining lagoons and by increasing fluctuations in other 
factors. Additional factors have been indicated as affecting 
64 
distribution such as salinity and temperature, and their 
fluctuations (Gunter, 1957, 1961b; Pearse and Gunter, 1957) 
seasonal advance (Hoar, 1957) and intraspecific competition 
(Kendeigh, 1961). All of these environmental factors 
interact in a complex manner to affect the strength of an 
organism's stimulus to emigrate. Emigration as a result of 
their interaction has rarely been considered in previous 
studies when interpreting length-frequencies of estuarine 
organisms. 
Length-frequency Graphs 
In all my graphs, the number of individuals in a 
size class is proportional to the area of the corresponding 
circle; generally the legends do not show all the ranges 
occurring in the graph. Use of area to represent numerical 
values makes it difficult to determine the exact number in 
a particular size class, but since exact numbers will not be 
emphasized when discussing the species, this should be of 
little consequence. 
The graphs are presented in terms of total number 
taken in each size class every trip, rather than percentages; 
therefore seasonal abundance is apparent, and confounding 
from recruitment is minimized. 
Numbers in the columns headed "Total Taken" denote 
the total catch at the corresponding sample site on that 
trip. Other than for the first trip to both Marsh Island 
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and Biloxi (as noted on the graphs), this is the combined 
catch from two surface and two otter trawl samples at that 
particular sample site (except only surface trawl samples 
were used for bay anchovy). On all but the first trip to 
each area, therefore, "total catch" is synonymous with 
"catch per unit effort" and "catch rate." 
ATLANTIC CROAKER 
RECRUITMENT 
Studies on Atlantic croaker usually indicate an 
extended spawning period. Suttkus (1955) decided most young 
fish taken from Lake Pontchartrain in 1954 were spawned from 
late October 1953 through January 1954, because none less 
than about 15 mm long were taken after February. This 
length is the midpoint of my 10-mm length category. 
Length-frequency graphs for Atlantic croaker taken 
in this study (Figures 7 and 8) show recruitment of the 
1966-67 year class was in progress when sampling began, but 
recruitment of the 1967-68 year class began at both Biloxi 
and Marsh Island in October, 1967. This agrees with the 
results reported by Suttkus. 
Recruitment of the 1966-67 year class ceased at 
Biloxi at about the same time as reported by Suttkus, but 
continued into May at Marsh Island. Since recruitment of 
the 1967-68 year class peaked at Biloxi in January, it 
probably ceased there again about the same time as reported 
by Suttkus. Recruitment of this year class was still 
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increasing on my final trip to Marsh Island, but apparently 
peaked in March and continued through at least April 1968 
(based on catch reported by Holloway, 1969). Therefore, 
recruitment again continued at Marsh Island for at least two 
months longer than reported by Suttkus. 
Recruitment at Biloxi was lighter than at Marsh 
Island. The lighter recruitment (and agreement with dates 
given by Suttkus), could be the result of an abundance 
gradient decreasing from west to east; Reid (1954) and Kilby 
(1955) took no Atlantic croakers near Cedar Key, Florida. 
Even if an abundance gradient exists, however, I think 
salinity is also involved. The commonly stated generality 
that the smallest members of many fish species tend to be in 
the lower end of the salinity gradient tolerated by the spe-
cies implies that in two otherwise comparable nurseries, a 
higher proportion of incoming recruits will stop in the 
nursery with the lower salinity. February 1967 salinities 
at Biloxi and Marsh Island were similar, but diverged rapidly 
(Fig. 5). Recruitment of 20-mm Atlantic croaker soon ceased 
at Biloxi, where salinity was rising, but continued into May 
at Marsh Island where salinity was falling. Coinciding with 
the first appearance of 1967-68 young-of-the-year in October 
1967, salinities at both areas again approached similarity 
and then repeated their divergence; recruitment of 20-mm 
Atlantic croaker through February 1968 was again lighter at 
Biloxi. 
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INTERACTING FACTORS AFFECTING DISTRIBUTION 
This section presents a summary of my interpretation 
of the young-of-the-year Atlantic croaker length-frequency 
graphs in relation to environmental factors. Possibly be-
cause of physiological changes after they mature, the older 
fish do not seem to respond to these factors in exactly the 
same manner; therefore they are not considered here. 
Reasons for using Atlantic croaker as an example 
The Atlantic croaker was chosen as the prime example 
in demonstrating that juveniles respond, by emigration, to 
the interaction of seemingly minor changes in environmental 
factors because it was the species (1) for which my own data 
furnished the most information, and (2) for which the litera-
ture furnished good supporting information. 
Gunter (1945) showed that although Atlantic croaker 
of all sizes were found over a wide salinity range, the 
smaller ones exhibited a definite tendency to be in low sa-
linities and the larger ones in higher salinities. Haven 
(1957), using an otter trawl smaller than mine, reached a 
similar conclusion concerning the size and salinity relation-
ship. He further stated, "It was established that single 
hauls of ten minutes' duration or less, whether they were 
made with or against the surface current, provided good 
estimates of availability and length distribution." 
My sampling was more intensive than Haven's (op. 
cit.). Numbers taken at the same site in my Day 1 and Day 2 
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samples were well correlated; length-frequencies in these 
samples were closely correlated, and the length ranges they 
encompassed were nearly identical. Therefore, my total 
monthly catch of Atlantic croaker at a sample site should 
be a reliable index of their abundance there; also, my 
length-frequency graphs should accurately reflect changes 
in the length-frequency distribution except as the catch 
was influenced by the changing susceptibility to capture 
caused by growth of the fish. 
Interpretation procedure 
To interpret my Atlantic croaker graphs, I corre-
lated the length-frequency distributions at each sample 
site, month by month, with each factor previously indicated 
as stimulating emigration. This required consideration of 
water level and temperature fluctuations subsequent to the 
previous trip (Figures 3 and 4). It necessitated considera-
tion of salinity trend subsequent to the previous trip, and 
minimum salinity at the site on the trip under evaluation; 
therefore, this information was superimposed on Figures 7 
and 8. It also required taking into account the effects of 
changing susceptibility to capture, caused by change in the 
length-frequency distribution, at that particular site since 
the previous sample period. 
Emigration can be deduced from length-frequency 
graphs in several ways, but I found the following rule es-
pecially useful. If conditions were such that the smaller 
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juveniles grew, the larger juveniles should have grown at 
the same time. Therefore, assuming the samples are repre-
sentative of the sample area populations, if juveniles in 
the shorter length categories show growth from one sample 
period to the next, those in the larger length categories 
should also. If the length-frequency distributions do not 
indicate this, the larger juveniles have emigrated or died. 
The month by month, factor after factor, correlation 
required to interpret my graphs is very tedious. Conse-
quently, only a summary of my interpretation follows. The 
movements hypothesized can not be proven since no fish were 
tagged, but I believe the accounting is basically accurate. 
Biloxi 
Salinity was comparatively high at Biloxi and gener-
ally rose as the fish grew during the first half of the 
year; during the same period at Marsh Island, salinity 
started at a lower level and generally declined. Other 
physical factors varied less at Biloxi than at Marsh Island. 
Therefore, Biloxi served as a "control," representing the 
"normal" situation, when interpreting the interacting fac-
tors affecting Atlantic croaker distribution at Marsh Island. 
The Biloxi length-frequency graphs follow the 
typical pattern of progressive increase in length and a 
rising, then a declining, catch rate. Deviations did occur 
however. 
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Station 1. 
Intraspecific competition through May was probably 
much lower at IS than at IN, and modal length was greater 
at IS than at IN, in April and May. Total catch declined 
for the first time in May, indicating emigration had begun. 
Emigration was proportionately greater at IS than at IN, 
probably because the fish were larger at IS. 
The mid-June fish kill seemingly exterminated the 
population at IN or forced it to emigrate. Emigration or 
mortality had apparently occurred at IS also, since June 
catch there declined, and modal length increased but maxi-
mum length did not. Only a few Atlantic croaker were taken 
in July, and the last three of this year class were taken in 
August. 
Station 2. 
Total monthly catch at Station 2 increased steadily 
through the May sample at 2N. Since recruitment had ceased 
prior to the April sample, this rising catch rate must be 
attributed largely to the decreasing probability, accompa-
nying growth, of a fish passing through the net. Catch 
increased through April at 2S and stabilized in May. Growth 
of the Atlantic croaker made them more susceptible to the 
otter trawl in May than in April. Since catch did not in-
crease in May at 2S, emigration must have already begun 
there. 
A consistent decline began in monthly total catch of 
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the year class in June, so the decline that month probably 
was not wholly a result of the fish kill. I think the 
larger young from both sample sites were emigrating to the 
Gulf because of the existing interrelationships among their 
size, salinity, and environmental changes associated with 
seasonal advance. 
Catch again dropped sharply in July; increase in 
size, decline in salinity, and seasonal advance probably 
had stimulated further emigration; also, all the fish taken 
were now 80 mm or longer, so growth only helped them evade 
the trawl. 
The total catch in August was greater at the semi-
impounded than at the natural marsh site, most likely 
because environmental factors had fluctuated more in the 
natural marsh during the previous month, resulting in 
greater emigration from there. 
Only 11 of this year class were taken after August. 
Under the combination of environmental factors existing at 
Station 2 in 1967, I believe the stimulus to emigrate became 
so strong that nearly all left before they reached 130 mm. 
None from this year class were taken after October, possibly 
because a downward salinity trend began then. 
Marsh Island 
Compared to Biloxi, greater changes and fluctuations 
of the environmental factors influencing emigration occurred 
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at Marsh Island. Consequently, length-frequency graphs from 
there showed greater deviations from the typical pattern 
than did those from Biloxi. The Marsh Island semi-impounded 
marsh was more stable, as regards environmental factors in-
fluencing emigration, than was the natural marsh. There-
fore, by noting which factors differed appreciably between 
the two marsh types at Marsh Island during a particular 
period, I was able to correlate specific factors with 
emigration during the same period. 
Minimum salinity tolerance limits 
Minor salinity changes are more important in in-
terpreting the situation at Marsh Island. That some fishes 
are capable of perceiving, and giving a conditioned response 
to very small salinity changes has been demonstrated by Bull 
(1938). He tested 17 species of marine teleosts and found 
all could detect salinity reductions of 0.45 ppt; five com-
mercially important species could detect a change of 0.2 
ppt; and one fish could perceive reductions of 0.06 ppt. 
Many fish larvae can live for a few hours to a few 
days at different salinities but if exposed to such sa-
linities for longer period they die; survival and the 
ability to osmoregulate in different salinities depends upon 
the size and age of fish, and the species (Bishai, 1961). 
In a study of three salmonids, Parry (1960) concluded that 
size appeared to be a more important factor than age in 
their tolerance of higher salinities. 
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Many field studies have suggested the distribution 
of a particular species is influenced by its minimum sa-
linity tolerance limits. Gunter (1961b) presents evidence 
that although a species may occur over a fairly wide 
salinity range, the minimum limits of this range may be 
sharply defined. He cites a number of examples in which 
catch varied greatly between paired low salinity sampling 
areas having differences of only 0.1 to 0.8 ppt; higher 
catches were taken from the higher salinity area. Herke 
(1968) reported brown shrimp catches from a low salinity 
bayou system in which shrimp were taken from the very 
slightly more saline section in sufficiently greater numbers 
to show statistical significance. The possibility that 
salinities were near the minimum tolerance level of the 
species was suggested as a cause for the catch differences. 
In the same study, I reported taking over 15,000 small 
Atlantic croakers. Although they were taken in salinities 
as low as 0.4 ppt, only 2,300 came from water below 1.0 ppt 
and over half of these were very tiny juveniles taken in a 
single sample. 
In those species where a direct correlation exists 
between size and salinity gradients, it is reasonable to 
assume the minimum salinity tolerance limit is lower for 
small juveniles than for slightly larger juveniles. If so, 
when salinities are near the minimum limit, slight varia-
tions in salinity should be enough to hasten, or retard, 
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emigration of the larger juveniles to a greater degree than 
the smaller ones. 
Salinity and temperature records 
My salinity records are not continuous, but day to 
day salinity variations were minor at any particular site. 
In natural marsh, the greatest variation recorded (in the 
four samples taken) on a single trip, between maximum and 
minimum salinities at a particular site, was 3.28 ppt and 
the median was 0.19 ppt; at semi-impounded sites the respec-
tive values were 0.63 and 0.09 ppt. Salinity changes be-
tween sampling trips probably were gradual and presumably 
followed the trend observed in the monthly samples. 
Natural marsh water level fluctuations were greater 
at Marsh Island, and were frequently associated with the 
passage of weather "fronts;" therefore, water temperatures 
fluctuated more than at Biloxi. 
Year class progress 
Recruitment was already underway when sampling began 
in early February 1967 and salinities were moderate. By 
March salinities were dropping and the fish had grown rap-
idly but were apparently still too small at all four sites 
for salinities around 4 ppt to stimulate emigration. Never-
theless, the greatly reduced catch rate, and small sizes 
taken, indicate emigration occurred at AN between the 
February and March samples, presumably because of water 
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level and temperature fluctuation and lagoon drainage. 
These same factors were less pronounced at BN (and the semi-
impounded sites) and emigration apparently did not occur 
there. Weir A seems to have functioned as a one-way valve; 
those fish that crossed over it into the semi-impounded 
site probably remained in the marsh; those that did not 
cross it in this period were forced to emigrate from AN at 
times. 
By early April, salinity had declined at all sample 
sites except AS, where it rose. A size and low salinity 
interaction was correlated with emigration at all sites 
except AS; intraspecific competition may have also been in-
volved at BS. 
By early May, minimum salinities declined into what 
I believe is the minimum tolerance range for small Atlantic 
croaker, but were still highest at AS. Size of the fish 
declined at all sample sites except AS, and held steady 
there; declines in maximum and modal size were approximately 
proportional to the decline is salinity. There was no evi-
dence of mortality, so the larger juveniles must have emi-
grated; again emigration is correlated with a size and low 
salinity interaction. 
Minimum salinity was nearly unchanged in late May at 
all sites except BN, where it rose considerably. Total 
catch declined, and emigration apparently occurred at all 
sites but was proportionately less intense at BN. From 
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comparing the situation at each of the sample sites, I be-
lieve environmental changes associated with seasonal advance 
were beginning to interact with the other factors to cause 
emigration. Supporting this is the fact emigration at 
Biloxi was first indicated (through a decline in total catch) 
at about the same time. 
Size and salinity remained closely correlated in 
June, and emigration continued at all sites except AS. The 
appearance of pondweeds at AS substantially increased the 
food supply (Table 4). This may have increased Atlantic 
croaker growth rate and probably drew in more of them from 
unvegetated areas; it apparently reduced the stimulus to 
emigrate since AS was the only sample site at Marsh Island 
and Biloxi where the catch rate reversed its downward trend 
at this time. 
By early August salinity had risen greatly at AN 
because of above normal daily tidal oscillations that caused 
frequent low water levels in the marsh and virtual drainage 
of AN on July 13-14. Despite the salinity increase, emigra-
tion apparently accelerated at AN, probably because of the 
water level fluctuations, seasonal advance, and growth. The 
size and low salinity correlation at the other sites is 
obvious. Total catch at AS continued to increase, supposedly 
because of the abundant food supply associated with the 
pondweeds. 
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Size and salinity remained closely correlated in 
late August at all sites except AN. Catch rate plunged at 
AS, probably to a great degree because of a decrease in 
available food (suggested by a large decline in grass shrimp 
catch this month). 
Though not always specifically mentioned, stimulus 
to emigrate from changing environmental factors accompanying 
seasonal advance seems to have been present from at least 
May onward, but its initial effect was relatively unimpor-
tant. As the year progressed, however, its effect must have 
continually gained in relative importance. After late 
August I believe it became the single most important factor 
influencing emigration, causing emigration before Atlantic 
croaker grew to a size large enough for a size and salinity 
interaction; salinities at all Marsh Island sample sites 
showed an upward trend through November, yet starting in 
late August, catch of this year class at an individual sta-
tion declined in each succeeding month and no length-
frequencies continued to keep pace with their superimposed 
salinity curves. 
From late August on, maximum length at all sample 
sites was relatively stable, usually at 110 mm; four 120-mm 
fish were the only longer ones taken. Water levels and 
temperatures generally declined and became more variable 
after late August; coupled with seasonal advance, these 
factors seem to have driven out nearly all of this year 
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class from Station A prior to December. The last straggler 
from this year class, a 110-mm fish, was taken at BS in 
early February, 1968. 
Specific examples of factors affecting distribution 
Trip 4 size and salinity interaction.—The sharp 
decline in salinity was the only significant change in re-
corded environmental factors for about 6 weeks prior to 
Trip 4. Correlation between minimum salinity reading on 
Trip 4, and both modal and maximum lengths of young-of-the-
year Atlantic croaker, is obvious in the following tabula-
tion: 
Minimum Modal length Maximum length 
Sample 
BN 
AN 
BS 
AS 
Site 
Release 
Salinity 
0.68 ppt 
0.81 ppt 
1.19 ppt 
1.43 ppt 
in mi 
from low salinity. 
.llimeters 
35 
38 
43 
57 
—The 
in millimeters 
40 (plus one 
at 50) 
40 
60 (plus 6 from 
70 to 90 
70 
length increases at 
AN in late August indicate a release from stimulation to 
emigrate because of low salinity. However, the sudden and 
dramatic increase in maximum length probably was caused at 
least partially by recruitment from AS. Emigrants from AS 
in August were predominantly 90 mm or longer. Salinity at 
AN was considerably higher than at AS, but was falling. 
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Since salinity at AN tends toward that of the Bay, salinity 
in the Bay must also have been lower than at AN. Therefore, 
when emigrants from AS reached Bird Island Bayou, they 
probably turned toward the higher end of the salinity gra-
dient, i.e. toward AN. 
High water level effect.—Unusually heavy recruit-
ment of 20-mm modal length fish occurred at BS on Trips 2 
and 3. The cordgrass marsh was flooded a number of times 
prior to these two trips. Two small bayous on the north 
side of BS lagoon (Fig. 2) nearly connect with a third bayou 
leading directly to the Bay. When the soil surface of the 
cordgrass marsh between the headwaters of these bayous was 
flooded by a few inches of water, the tiny Atlantic croakers 
probably passed directly into BS lagoon. Lagoon AS is 
farther from the Bay and heavy recruitment did not occur 
there at the same time. Periods of high water and initial 
recruitment at BS, in the fall of 1967, also fit this ex-
planation. 
Marsh Island Versus Biloxi 
Salinity was the only recorded factor that varied 
radically between Marsh Island and Biloxi. Its probable 
effect on size distribution is apparent in Figures 7 and 8. 
Early in 1967, Atlantic croaker juveniles were larger at 
Marsh Island than at Biloxi. Fish size at Marsh Island 
subsequently stabilized, then decreased concurrent with the 
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salinity decline (Fig. 7). Conversely, size at Biloxi 
(Fig. 8) showed progressive increase, indicating the size 
decrease at Marsh Island was not the result of a seasonal 
influence. Salinity at any particular time was always 
higher at Biloxi; from May on, fish size was always greater 
there also. Maximum juvenile size (before emigration) 
stabilized at about 110 mm at Marsh Island. A number of 
juveniles larger than this were taken at Biloxi, the largest 
being 160 mm. 
Digest Concerning Interacting Factors 
Biloxi served as a "control," representing the 
"normal" situation, when interpreting the interacting fac-
tors affecting Atlantic croaker distribution at Marsh Island. 
At Biloxi, except for the period of the fish kill, the 
length-frequency graphs follow a pattern of progressive in-
crease in length and a rising catch rate through May, with 
a declining rate thereafter. Apparent growth rate was rapid. 
Emigration began or accelerated in late May, and was essen-
tially complete by October. Emigration apparently was caused 
by a combination of factors, none of which was obviously 
dominant. 
At Marsh Island, emigration early in the year was 
obviously related to lagoon drainage. Later salinity 
dropped to near fresh-water levels, the larger juveniles 
emigrated, and corresponding length-frequency graphs show 
an apparent shrinkage for these months. (At the same time, 
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fish lengths at Biloxi continued to increase.) As salinities 
subsequently rose, Marsh Island fish lengths rose correspond-
ingly; however, emigration continued. Changes in environmen-
tal factors accompanying seasonal advance seem to have begun 
exerting a stimulus to emigrate in May. Size and salinity 
levels remained closely correlated with emigration through 
late August, after which seasonal changes were probably the 
most important stimulants to emigration. An abundant, and 
increasing, food supply seemingly halted emigration at one 
site from June through early August. 
At any given time from May on, Atlantic croaker were 
always larger at Biloxi than at Marsh Island; the lower 
salinities presumably caused them to emigrate from Marsh 
Island at a smaller size. However, probably because they 
were smaller, emigration from Marsh Island was not completed 
until February of the following year. 
Seasonal Advance 
That changes accompanying seasonal advance began to 
stimulate Atlantic croaker emigration in May is strongly 
supported by Simmons and Hoese (1959). In this study, they 
used two fish traps to catch fish moving through Cedar Bayou 
Pass between the Gulf and Mesquite Bay, Texas. One trap took 
organisms moving toward the Gulf; the other took those moving 
toward the Bay. Between January 23, 1950, and July 10, 1951, 
they took nearly 300,000 fish; 85% were moving from the Bay 
to the Gulf, mostly at night. 
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Atlantic croaker was most numerous in their catch. 
Their Figure 17 shows the monthly catch of Atlantic croaker 
and spot (combined). Almost none were taken in January, 
February and March, 1950. Catch of these two species emi-
grating to the Gulf was about: 5,000 in April; 65,000 in 
May; 76,000 in June, 15,000 in July; 5,000 in August; 
20,000 in September; and 1,000 in October. Catch was negli-
gible after that until the following April, May, and June, 
when catches approximately equaled those of the preceding 
year. (Catch moving toward the Bay was between 5,000 and 
7,000 in May and June of both years and negligible at other 
times.) 
The period of emigration (reported by Simmons and 
Hoese, 1959) through Cedar Bayou coincides with that from 
Biloxi. This further supports the "control" or "normal" 
designation for Biloxi. 
AGE AND GROWTH 
Open water growth estimates 
Welsh and Breder (1924) estimated Atlantic croaker 
modal lengths at successive years of age to be: first, 
120 mm;4 second, 180; and third, 220 mm. Pearson (1930) 
thought they grew at about the same rate in Texas waters 
but Gunter (1945) decided his Texas fish reached 80 to 140 mm 
When another method of measurement was used in 
cited works, I have converted the original lengths to the 
approximate standard length to facilitate comparisons. 
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in October, when they were approaching 1 year of age, and 
about 175 to 240 mm when nearly 2 years old. Suttkus 
(1955), working with this fish from Lake Pontchartrain, 
concluded they attained a length of 70 to 160 mm in their 
first year. Haven (1957) thought they reached 110 to 180 mm 
at 1 year in Chesapeake Bay. Roithmayr (1965a, b) estimated 
modal lengths of Atlantic croaker in the Gulf to be about: 
90 mm, at 1 year; 140 mm, at 2 years; 155 mm, at 3 years, 
and 250 mm at 5 to 7 years. 
Other marsh growth estimates 
Springer and Woodburn (1960) took Atlantic croaker 
solely at their Tampa Bay marshy site. They took them only 
in four months and gave monthly average lengths from length-
frequencies as: April, 28.5 mm; May, 46.0 mm; June, 73.4 mm; 
and July, 89.7 mm, with a maximum length of 103 mm on July 
17. Thomas and Loesch (1970), in a preliminary report on 
Atlantic croaker from a Louisiana marsh area, estimated 
growth rate (based on length-frequency curves), as approxi-
mately 10 mm a month for the first 6 months. 
Apparent Biloxi growth 
Size distribution at Marsh Island was seemingly in-
fluenced by many factors. Length-frequency graphs from 
there are obviously not true reflections of the overall 
growth. Length-frequency distribution interpretation at 
Biloxi Station 1 is complicated by the fish kill. Therefore, 
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Biloxi Station 2 furnishes the best basis for my estimating 
growth of Atlantic croaker. 
Superficially, it appears as though growth of 
Atlantic croaker at Biloxi was faster in the early part of 
the year than in the Tampa Bay area, but that the Tampa Bay 
fishes caught up with them in the warmer months. This 
interpretation would coincide with the observation made by 
Springer and Woodburn (1960), after comparing their esti-
mated growth rates with that of several other researchers, 
i.e., 
From the meager data presented it is, nevertheless, 
quite evident that "0" year classes [young-of-the-year] 
for different years in the same areas may have con-
siderably different growth rates; and also, that the 
"0" year class in different areas have different growth 
rates. This information is not unexpected, but the 
seeming lack of pattern in these differences is note-
worthy . 
Corrections are required.—While some authors have 
mentioned the fact that migration may have affected their 
length-frequency distributions, most have made no attempt to 
correct for this in their interpretations. Even without 
corrections, my 2N Biloxi data show many previous workers 
probably have underestimated the growth rate of Atlantic 
croaker under natural conditions. At 2N, they appear to 
have reached a modal length of 120 mm by August 24, and to 
have grown about 85 mm between March and August or about 17 
mm per month. However, emigration is known to have occurred 
throughout much of this period. Emigration of the larger 
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individuals has almost certainly biased these estimates 
downward, but it should be possible to approximate the 
actual growth by using the observed growth during judi-
ciously selected periods. 
Corrected Biloxi growth estimates 
Monthly growth estimates.—The Biloxi growth esti-
mate is best corrected by also considering the information 
from Marsh Island. It was there that changing factors 
frequently halted, or slowed, emigration, thereby giving a 
better estimate of monthly growth. The following growth 
estimates were derived from periods when migration is be-
lieved to have exerted relatively little bias on the 
estimate involved. 
Change Change in 
Period 
June 28-
August 2 
August 2-
August 29 
March 23-
April 22 
June 21-
August 24 
June 21-
August 24 
August 24-
October 21 
Sample 
Site 
BN 
AN 
2N 
2N 
2S 
2S 
i in mc Ddal 
Lenqth 
From To 
50 
60 
35 
75 
70 
120 
70 
80 
55 
115 
120 
150 
Monthly 
Change 
20 
20 
20 
20 
25 
15 
Maximum 
Length 
From To 
60 
50 
90 
80 
130 
80 
70 
130 
130 
160 
Monthly 
Change 
20 
20 
20 
25 
15 
From the above estimates it seems Atlantic croaker 
grow about 20 mm per month throughout much of their first 
year of life. 
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Corrected first year estimate.—The fish in the 40-mm 
length category at 2N on March 23 were probably spawned about 
January 1. If they grew at 20 mm per month after March, they 
would have reached 140 mm by August 24. If growth after this 
averaged about 15 mm per month, these fish would have been 
slightly over 200 mm at 1 year of age. 
Growth estimates from spawning 
Perhaps the best estimate of growth during the first 
year comes from the following line of reasoning. Even 
though Atlantic croaker do have an extended spawning season, 
it does have a peak, and there are several consecutive 
months when no appreciable spawning occurs. Therefore, for 
the spawning season to remain relatively constant from year 
to year, Atlantic croaker must spawn approximately on the 
anniversary of their birth. 
In nature.—Pearson (1930) thought spawning took 
place for the first time at the end of the second year of 
life, at a modal length (in October) of about 180 to 190 mm. 
Gunter (1945) reported taking 27 females with yellow roe in 
October, ranging from about 180 to 260 mm. The smallest 
nearly ripe male reported by Suttkus (1955) was about 175 
mm; the smallest female about 220 mm; these were taken in 
early November. He also thought both sexes spawned at the 
end of their second year of life. 
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In ponds.—I believe Pearson, Gunter, and Suttkus 
underestimated Atlantic croaker growth rate, and thereby 
overestimated age. From growth rate obtained in this study 
it seems likely their smaller fish were less than 2 years 
old; therefore, to spawn near their birth anniversary they 
must have been about 1 year old. Apparent confirmation for 
this statement comes from a simple mariculture experiment 
(Avault, Birdsong and Perry, 1970), although this support is 
not directly stated because the authors, I believe, misin-
terpreted the significance of their results. From an 
initial stocking of 700, they found virtually all 362 sur-
viving pond-reared Atlantic croaker were sexually mature at 
the end of October when approximately 10 months old, and 
from about 130 to 220 mm, with a modal length of 180 mm. 
Avault et al. (op. cit.) indicated their pond-reared 
fish grew faster and matured earlier than reported for fish 
from natural environment. I think it simply proves that 
Atlantic croaker spawn at one year of age, and that pond 
growth probably was slower than in nature. Although modal 
length of their fish was only slightly less than the modal 
length of sexually mature fish reported by Pearson (1930) it 
was equal to only the smallest sexually mature fish in the 
size ranges reported by Gunter (1945) and Suttkus (1955). 
Finally, it must be remembered that all these workers may 
have had a bias in their data that reduced apparent growth 
rate. Avault et al. (op. cit.) had nearly 50% overall 
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mortality, and 7 5% mortality in the pond producing the lar-
gest fish. The larger fish in each pond probably suffered 
the greatest stress under the unnatural pond conditions, 
but were physically prevented from emigrating to relieve 
this stress. Therefore, proportionately greater mortality 
would be expected among the larger fish. The other workers 
used trawls, so a higher escapement rate is expected among 
the larger fish. In both cases, modal length is reduced. 
My estimate of annual growth 
Because of greater fertility in the marshes than in 
the Gulf, growth rate may decline upon emigration to the 
Gulf. Conversely, water temperatures remain higher in the 
Gulf during the fall and winter, so the decrease in fer-
tility may be counterbalanced by an increase in the length 
of the growing season. The question of natural growth rate 
will not be definitely settled until a determination is made 
using known-age Atlantic croakers free in their natural 
environment. Until then, a modal length of 200 mm at 1 year 
of age seems to be a conservative estimate for the northern 
Gulf area, especially when one considers the 20,000 Atlantic 
croaker taken by Simmons and Hoese (1959), as they emigrated 
to the Gulf in September, were over 225 mm long and many 
were gravid. 
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LENGTH-FREQUENCY CONFOUNDING 
Confounding from "waves" 
I have referred several times throughout this dis-
cussion to "waves" of new recruits during the same annual 
recruitment cycle. Thomas and Loesch (1970) and others have 
also noticed this. Individual members of these "waves" can 
be expected to grow at about the same rate. Therefore, when 
the stimulus to emigrate becomes sufficient, they will tend 
to leave the marsh again as a "wave." Length distribution 
within this wave will have a modal peak, and may produce a 
peak in the overall length-frequency distribution. I be-
lieve some previous authors, failing to realize how rapidly 
the juveniles grow, have misinterpreted major wave modes as 
year class modes, thereby greatly underestimating growth rate. 
Simmons and Hoese (1959) 
Simmons and Hoese (1959) said, "Thousands of post-
larval croakers 10-25 mm long were found in Cedar Bayou on 
incoming tides in October and November, 1950. However, the 
cause for the intense outward migration during the summer 
(Figure 17) is not understood." Because growth rate esti-
mates from length-frequencies were much lower (at that time) 
than mine, they apparently failed to recognize the (now) 
obvious conclusion the outward emigrants were the surviving 
young-of-the-year from the recruitment of the previous 
fall. 
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Confounding from transients 
I have chosen an M.S. thesis (Perret, 1966)5 to 
illustrate how sampling transients can result in the misin-
terpretation of life histories. Perret's sampling was in 
Vermilion Bay, which borders my Marsh Island site; his 
sampling was intensive and reliable; salinity patterns were 
similar in both of our studies; and we used nearly identical 
otter trawls. 
Perret said a new "population" appeared in March 
1965 and that growth in this "population" was indicated. 
He did not estimate growth rate; however, if one uses the 
traditional method of following modal progression with his 
graphs, estimated growth would be from about 25 mm in March 
to about 90 mm by October 1. (Even my uncorrected Biloxi 
growth rate estimates were well above this.) 
His use of the word "population" implies he was sam-
pling from the same general group each week. I believe he 
was sampling primarily transients from the marsh for these 
reasons: 
1) his initial recruitment was within the size range 
at which some of my Marsh Island Atlantic croak-
ers emigrated. Had they previously been present 
in Vermilion Bay, they should have been taken 
earlier in his weekly samples. 
Mr. Perret's permission to use his thesis for this 
purpose is appreciated. Many of my statements regarding Mr. 
Perret*s study are my interpretations of his data. If this 
has resulted in errors, they should not be attributed to him. 
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2) progression of his length-frequencies and catch 
rates indicate continual recruitment from the 
north and emigration through Southwest Pass. 
3) fish emigrating from the marsh to the Gulf un-
doubtedly went through Southwest Pass, so 
Perret's samples must have included these tran-
sients. 
4) during his most intensive sampling period (in 
1965) his catch rate was only about one-twelfth 
of mine for the same period in 1967. Even though 
commercial shrimp trawling reduced his catch, our 
catch rate differences seem sufficient to indi-
cate the majority of his catch were transients 
from the marsh (also signifying that the marsh is 
the primary nursery for Atlantic croaker). 
LENGTH-WEIGHT RELATIONSHIP 
Monthly data.—Tests for differences in the length-
weight relationship from samples on opposite sides of the 
same weir were only made when there were sufficient data in 
the area of overlap (of the corresponding length-frequencies). 
This permitted 22 pairs of monthly samples to be tested. 
At the 95 or 99% confidence level, Atlantic croaker 
from three semi-impounded monthly samples were significantly 
fatter than those from the matching sample: IS, Trip 3; 2S, 
Trip 7; and AS, Trip 7. 
Rate of gain was found significantly greater at: BN, 
Trip 3; BS, Trip 5; and AN, Trips 7 and 8. If these were 
true differences, rather than due to chance, the causes may 
have been: 
1) BN, Trip 3—intraspecific competition—biomass 
taken in the samples was obviously much greater 
at BS (Fig. 7). 
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2) BS, Trip 5—slope of the line depicting rate of 
gain at BS was about average, but that for BN 
indicated a very slow rate of gain. The very low 
salinity at BN during the previous month may have 
affected metabolism. 
3) AN, Trips 7 and 8—even my sample sites were not 
entirely free of transients. Site AN is believed 
to have received emigrants from AS. Since it is 
primarily the larger fish that emigrate, the emi-
grants will be mostly in the upper end of the 
length range tested. If they are fatter than the 
resident population, they will increase the slope 
of the line. On Trip 7 the fish at AS were fat-
ter; emigration from AS to AN probably caused an 
apparent increase in the rate of gain at AN. 
Pooled data.—All the data in the monthly tests were 
also combined by sample site, and tested against those from 
the matching site. Fish in the 20-100 mm range were found to 
be significantly fatter at AS than AN (99% level). This was 
probably because of the abundant food supply that became 
available after pondweeds invaded the AS site. Although rate 
of gain was not statistically greater at IN on Trips 3 and 4 
when tested by individual trip, it was when the data were 
pooled (99% level). On Trip 3, the fish at IS were signifi-
cantly fatter than at IN. Site IN was on a direct emigra-
tion route from IS to Lake Borgne. The apparently greater 
rate of gain at IN was probably the result of taking some 
transient emigrants from IS in the IN samples. 
EFFECTS OF SEMI-IMPOUNDMENT 
Semi-impoundment delayed recruitment of the 1967-68 
year class, and there was a tendency for it to delay emigra-
tion to the Gulf until Atlantic croaker were of a larger 
95 
size than their natural marsh counterparts. Semi-impoundment 
apparently reduced the environmental changes that led to the 
Biloxi fish kill, thereby benefiting Atlantic croaker. 
Atlantic croaker seem highly responsive to a combi-
nation of interacting factors influencing their distribution. 
Therefore, at any particular time and place, the total 
effect of semi-impoundment on Atlantic croaker will be indi-
rect, and will be mediated through its effects on such 
factors as plant growth, salinity and water level. 
ATLANTIC CROAKER SUMMARY 
Recruitment in this study began at about the same 
time as previously reported for Lake Pontchartrain. It also 
ended at Biloxi about the same time as previously reported, 
but continued several months longer at Marsh Island. 
The correlations between emigration, and various 
factors influencing it, are summarized at the end of that 
section. 
A number of previous estimates of growth during the 
first year are shown to be too low. Attainment of a modal 
length of 200 mm at 1 year of age is estimated from this 
study. 
Examples are given from the literature which are 
believed to show life history interpretation errors caused 
by length-frequency confounding from (1) sampling "waves" 
within the same year class, (2) accepting growth rate esti-
mates that were far too low, and (3) sampling transients. 
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Atlantic croaker at AS were significantly fatter 
than at AN, probably because of the abundant food supply 
that became available after pondweeds invaded the site. 
Semi-impoundment tended to delay both recruitment 
and emigration. Its overall effect at any particular time 
and place will depend on how it affects other factors influ-
encing Atlantic croakers. 
The marsh seems to be the primary nursery for 
Atlantic croaker. 
SPOT 
Susceptibility of spot to the trawls was similar to 
that for Atlantic croaker. Less than 25% of the surface 
trawl catch exceeded 60 mm. The otter trawl was fairly ef-
fective on spot 40 mm and larger; at 70 mm, they began to 
have difficulty passing through the main body mesh of the 
trawl. 
RECRUITMENT 
Short recruitment period.—Length-frequency graphs 
for spot taken in this study are presented in Figures 9 and 
10. Recruitment at both Biloxi and Marsh Island apparently 
occurred in February and March 1967; it had barely begun 
again in early February 1968 when the final samples were 
taken. A number of authors have indicated a fairly extended 
spawning season for the spot, but I see no evidence of this 
in my graphs. Once the initial influx of young reached a 
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Figure 9. Length - frequency of spot taken at Marsh Island. (Otter and surface 
trawl catches combined.) The number of frsh in each length class 
is proportional to the area of the corresponding circle. Minimum salinity 
for each trip is shown by solid (N Sites) and dashed lines (S Sites). 
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sample site there is little indication of additional re-
cruitment in the 10 to 30 mm range. My increasing catch 
with succeeding sample periods is, I think, due to increased 
susceptibility to the otter trawl because of growth, rather 
than additional recruitment. 
Time lag.—It is generally accepted that spot spawn 
in the Gulf. The major tidal exchange between the Gulf and 
Vermilion Bay is through Southwest Pass so most tiny spot 
probably enter there. If so, they could reach Marsh Island 
Station A before Station B, and this would readily explain 
the later recruitment at B in 1967. This may also partially 
explain the contradiction between duration of recruitment in 
my study and duration of the spawning period presumed by 
others (e.g. Hildebrand and Schroeder, 1928; Dawson, 1958; 
Springer and Woodburn, 1960). Once juvenile spot had 
reached my sample sites, they could not go much farther, so 
they presumably became residents rather than transients. 
Most other authors worked in open water areas, and were un-
doubtedly sampling transients as well as residents. Even 
if most spawning occurred during a single month, it could 
conceivably take several months for all the surviving 
progeny to straggle past a particular sample site on their 
inward journey. 
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INTERACTING FACTORS AFFECTING DISTRIBUTION 
I have not completely analyzed the monthly length-
frequencies but there are numerous indications that distribu-
tion of spot is influenced by factors such as size and 
salinity, and that response to these factors may often be 
manifested by emigration. 
As with the Atlantic croaker, there was a good 
correlation between modal or maximum length and minimum 
monthly salinity at Marsh Island for part of the year (Fig. 
9). Assuming low salinity can cause their emigration, these 
young spot may have been too small, when the April to May 
salinity decline occurred, for it to have forced an emigra-
tion resulting in obvious length-frequency changes. The 
apparent size and salinity correlation would be yet more 
convincing if length-frequencies had been forced back as 
they were with Atlantic croaker. At the higher salinities 
occurring at Biloxi, a size and salinity correlation was not 
readily apparent, but there are differences from Marsh 
Island that suggest its existence. 
Salinity was consistently lower at Marsh Island than 
at Biloxi. On any given trip, if one compares the maximum 
length taken at Biloxi, with the corresponding maximum 
length at Marsh Island on the following trip, the length of 
spot at Biloxi is longer in nearly every case. Also, catches 
peaked at Biloxi in May and few spot remained after July. At 
Marsh Island, peak catches were from one to two months later, 
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and many spot remained yet in November. The main period of 
abundance at Marsh Island coincided with the period of 
stable or rising salinity and highest water temperatures. 
Other factors seem to have been the dominant stimulants to 
emigration in the fall but salinity may still have been in-
volved; salinity generally began a relatively rapid decline 
about the time the last young-of-the-year were taken at each 
sample site,. 
Figure 9 shows a sudden drop in total catch of spot, 
in early August, at AN. The length-frequency changes indi-
cate this was due to emigration, not sampling variation. 
The extended period of large daily oscillations in water 
level (that led to high salinities at AN on that trip) ap-
parently forced the spot out of the natural marsh. Most did 
not return, probably because of the additional stimulus to 
emigration from seasonal advance. 
Environmental changes at the time of the Biloxi fish 
kill obviously affected spot distribution at IN. Changes in 
length-frequency distribution at the other Biloxi sites in 
June indicate either emigration, or a selective kill of the 
larger spot, occurred; I saw no evidence of mortality at 
these other sites. 
Dawson (1958) cites Pacheco (1957) as stating that 
Chesapeake Bay spot usually leave the Bay when water tem-
perature drops to 50 F. Water temperature at Biloxi 
approached this point in early December 1967 and I caught 
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the last two 1967 young-of-the-year there on December 19. 
At Marsh Island, water temperature at BS dropped from 73 F, 
on December 22, to 50 F thirty hours later; it eventually 
declined to about 44 F, on December 30, but 59 spot were 
taken at BS on January 4, 1968. Dawson (1958) concluded 
the lethal minimum temperature for spot was about 39 to 41 F. 
The minimum temperature recorded at BS was 37 F on January 
14, 1968; only two spot were taken at BS on February 3, 1968, 
the final trip. 
AGE AND GROWTH 
Open water growth estimates 
Dawson (1958), using length-frequency data, tenta-
tively concluded most South Carolina spot attain a length 
of 115 to 130 mm in the first year. He also listed estimates 
for spot, at age 1 year, from several other works. Estimates 
using the length-frequency method alone ranged from 101 to 
112 mm. Using scales and length-frequency combined, one 
author (Townsend, 1956) estimated Florida spot to be 95 to 
129 mm at one year of age. Two other papers used only scales 
to calculate length at one year; one (Welsh and Breder, 1924) 
estimated this to be 63 to 79 mm for Chesapeake Bay spot; the 
other (Pacheco, 1957) estimated Chesapeake Bay spot to be 134 
to 180 mm with a mean at 157 mm. 
Sundararaj (1960) estimated Lake Pontchartrain spot 
growth using the scale and length-frequency methods sepa-
rately; with each method he concluded they reached about 
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]10 mm at one year of age. 
Springer and Woodburn (1960) reported average length 
of spot from the Tampa Bay area, at one year of age, as 
about 90 mm. (This estimate included fish from their marshy 
sample site.) 
Other marsh growth estimates 
Kilby (1955) believed 15- to 23-mm January spot 
reached 70 to 85 mm in June, and that juvenile spot left 
the Florida marshes then. The longest fish he took in June 
was 96 mm; he took no spot after June. 
Miller and Jorgenson's (1969) tables indicate the 
modal length of spot from Georgia marshes in June, is about 
45 mm. 
Apparent Biloxi growth 
Biloxi Station 2 again furnishes the best basis for 
my estimating growth; even superficially most of the open 
water growth estimates are below estimates derived from 
there. 
Kilby's (1955) estimates are somewhat below apparent 
growth estimates from Station 2 if one considers the data 
from semi-impounded sites. Miller and Jorgenson's (op. cit.) 
June modal length is considerably below that of spot from 
Station 2 in either marsh type. 
At 2N, maximum length increased from 50 mm in March 
to 110 in August, or about 12 mm per month. This is about 
104 
2 mm per month less than one might infer from the length-
frequency curve of Kilby (1955) and about 3 mm per month 
more than one might infer from the table of Miller and 
Jorgenson (1969). Therefore, our studies of spot from marsh 
nurseries seem in fair agreement concerning monthly growth 
rate, but none have been corrected to compensate for the 
continual emigration of the larger fish. 
Corrected Biloxi growth estimates 
Using the same reasoning as for the Atlantic croaker, 
growth of spot at 2N could be estimated as follows: Modal 
length at 2N was 30 mm in March and 50 mm in April. There 
are a number of other instances in Figures 9 and 10 where 
monthly modal length increases were between 20 and 30 mm. 
This could represent growth under optimum conditions, but 
if it is averaged with the uncompensated estimate of 12 ram 
per month, one still obtains an estimate of about 16 to 18 
mm per month. At this growth rate, fish in the 30 mm length 
group in March would have been about 180-200 mm by the end 
of their first year. 
Emigration of the larger fish occurred throughout 
the year. Observed maximum lengths at IN were 130 mm in 
August and at least 140 mm, but probably 160 mm, in October. 
On this basis, a modal length of 180 to 200 mm at 1 year of 
age seems a reasonable estimate. 
105 
Growth estimates from spawning 
Dawson (1958) summarized much of the information on 
spot spawning. Apparently about 135 mm is the shortest 
length at which gonadal development has been recorded. 
Gunter (1945) reported taking 18 spot, with large milt or 
large yellow roe, on November 5, 1941. The fish ranged from 
about 195 to 215 mm. Eleven weeks later he took four fully 
developed spot in the 160- to 190-mm range, as well as nine 
others, up to about 200 mm, that had already spawned. 
Gunter (1950a) thought Texas spot first spawned at about 2 
years of age. Dawson indicated this was believed to be true 
in northwest Florida and South Carolina waters also. 
The above age estimates were based on the length of 
the fish at spawning and their supposed length at various 
ages. As with Atlantic croaker, I think most previous work-
ers have underestimated growth rate and consequently over-
estimated spawning age. Based on growth rates estimated 
from my study, I think spawning probably first takes place 
at about 1 year of age. 
My estimate of annual growth 
Estimates of growth from the scale method are sub-
ject to errors from misinterpretation of scale markings; 
this may be the cause for the low growth rate estimated by 
Welsh and Breder (1924). Accuracy of the method, however, 
is not affected by sampling transients. Length of the grow-
ing season is shorter in Chesapeake Bay waters than in the 
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Gulf; therefore, of those cited by Dawson (1958), Pacheco's 
scale method estimate of average, and maximum, length of 
one year old spot as 157 mm and 180 mm respectively, seems 
the most likely to me. Again, until better estimates are 
obtained from known-age fish in their natural environment, 
I think a modal length of about 180-200 mm at one year of 
age is a reasonable estimate for spot in the northern Gulf. 
LENGTH-FREQUENCY CONFOUNDING 
Sampling of transients.—Hildebrand and Schroeder 
(1928) wrote of spot, "The wide range in the size of young 
fish taken in the Chesapeake throughout most of the year 
makes it difficult to determine a correct average rate of 
growth." I think their difficulty arose from sampling tran-
sient fishes. They were puzzled by the appearance of smal-
ler fish in December than any taken from September through 
November. Probably these were late spawned, or slower 
growing, fishes that remained in the marshes until forced 
out by cold weather. 
Sundararaj (1960), using scale samples, estimated 
spot to reach about 110 mm at one year of age; he reached 
about the same conclusion using length-frequency. 
Sundararaj demonstrated that annulus formation occurred in 
his spot in February and early March. He stated that the 
young first appear in Lake Pontchartrain in January and are 
thus about one year old when their first annulus forms. He 
was cognizant of the fact that nearly all spot leave Lake 
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Pontchartrain by December, but apparently believed all those 
forming their first annulus returned to the Lake in spring, 
since he used fish only from Lake Pontchartrain with at 
least one annulus, when computing length of spot at the end 
of each year. By using fish only from Lake Pontchartrain, 
and eliminating those not having formed an annulus, he 
automatically biased his growth estimate downward if, as I 
believe, (1) emigration is a continual process spanning a 
number of months, and (2) only the smaller or late emigrating 
spot return to the Lake the following spring. If my beliefs 
are correct, Sundararaj unintentionally limited his scale 
samples to those from spot that were slow growing, late 
spawned, or both. His length-frequency graphs were pre-
pared from samples taken only in Lake Pontchartrain also. 
Thus, the agreement he obtained between estimates from scale 
samples and length-frequencies would verify the accuracy of 
his techniques, but not the accuracy of his estimate of spot 
length at one year of age. 
Sundararaj (1960) also remarked on a consistent 
difference in mean length of young spot from different sta-
tions in, but mostly near the shore of, Lake Pontchartrain. 
He presumed this could be due to the young spot grouping in 
the lake after entry (from the Gulf) and remaining in rela-
tively separate populations. Again I think the reason was 
sampling of transient fishes. In this case, the transients 
at Sundararaj's stations were probably from different 
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sub-areas of the marsh. In my study, the size at which spot 
left the marsh varied from one section of the marsh to 
another; most emigrated from the 2N site by, or before, the 
time they reached 80 mm; most returning to IN after the fish 
kill, left again at considerably greater lengths; spot at 
the Marsh Island natural marsh sites reached an apparently 
static growth rate at about 90 to 100 mm, probably due to 
emigration of the larger individuals. 
The size and time at which spot leave the marsh also 
varies among studies. Kilby (1955) felt most spot left the 
marshes in June at about 80 mm; he took none over 96 mm. 
Miller and Jorgenson (1969) show almost no captures of spot 
from the Georgia marsh after August 1; most left before they 
were 70 mm and nearly all left before they exceeded 80 mm. 
In general these studies, and mine, agree that young-of-the-
year spot have mostly left natural marsh when they are about 
80 mm, but I found many spot remaining in the marsh beyond 
this length. Although these studies were in general agree-
ment on the size at which spot leave the marsh, the differ-
ences were as great as those Sundararaj (op. cit.) thought 
indicated grouping into separate populations. 
Primary nursery.—Perret (1966) took only 254 young-
of-the-year spot in 1965. Even so, the picture is basically 
the same as for Atlantic croaker. Recruitment did not begin 
until June 1965, at least 4 months later than at Marsh 
Island in 1967. The first recruits he took were about 
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55 to 90 mm long, and should have been caught much earlier 
in his semi-weekly samples if they had been present in the 
Bay. In July and August, spot were longer at his Southwest 
Pass station than at the two farther north indicating pro-
gressive emigration toward the Gulf. As with Atlantic 
croaker, any spot emigrating from the marsh to the Gulf 
undoubtedly went through Southwest Pass. Therefore, 
Perret's samples almost had to include transients. When 
converted to similar units of sampling effort, my catch rate 
of spot in the otter trawl at Marsh Island, from June 
through September 1967, was nearly 150 times as great as 
Perret's. Even when spot mortality from commercial shrimp-
ing in Vermilion Bay is considered, our catch rate differ-
ences, coupled with the fact that Perret took no spot before 
June, almost proves the marsh, not the Bay, is the primary 
nursery for spot. Apparently, Perret's catch was nearly all 
transient spot, and then only a trickle of those soon to 
come, since his period of high catch rate occurred from 
October 1964 through February 1965. The beginning month of 
this period in 1964 overlaps the final month of abundance in 
the marsh in 1967. 
LENGTH-WEIGHT RELATIONSHIPS 
Monthly data.—Eleven of the 23 monthly comparisons 
from all four stations, showed a significant difference in 
the "log Mean Weight" at the 95 or 99% confidence level. 
In all statistically significant cases, the mean weight was 
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greater, at the mean length tested, in the semi-impounded 
marsh. Therefore in these cases, spot were fatter in the 
semi-impounded marsh. 
In only one instance was a significant difference 
indicated in monthly slope of two matched regression lines. 
Pooled data.—All of the data used in the monthly 
tests were also combined, by sample site, and tested against 
those from the matching site. The tests indicated mean 
weight was heavier, over the entire periods tested, at all 
four semi-impounded sites (99% level). 
The slope of three of the natural marsh regression 
lines was significantly greater than the corresponding lines 
for the semi-impounded marsh (95 to 99% level). Sample site 
BN is the only site where samples are unlikely to have con-
tained transients from a semi-impounded site; it is also the 
only site that did not show a significantly greater slope in 
its curve denoting rate of weight gain. Therefore, I be-
lieve the slope of the curve at the other natural marsh 
sites was biased upwards by inclusion of heavier transients 
in the upper end of the length range tested (from about 30 
to 120 mm). Also, if this is so, true mean weight differ-
ence was even greater than indicated, because some of the 
"N" samples contained some fatter "S" fish. 
EFFECTS OF SEMI-IMPOUNDMENT 
Growth of young spot in the semi-impounded marsh is 
truly faster, I believe, than in the natural marsh. The 
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length-frequency curves indicate a more rapid growth in the 
semi-impounded marsh starting with the initial catches be-
fore emigration from the natural marsh is indicated. This 
apparently greater growth rate should not be attributed to 
less intraspecific competition. Prior to June, only in the 
May samples from Biloxi was the weight of spot taken at 
natural sites greater than at semi-impounded sites (about 
20% greater considering young-of-the-year only)- On all 
other previous trips the relative difference was much higher, 
with the greatest weight coming from the semi-impounded 
sites. 
Semi-impoundment apparently mitigated the effect of 
the fish kill at IS. The effect of increased vegetative 
growth was probably either neutral or beneficial. The 
length-weight relationships from the two types of marsh also 
indicate semi-impounded marsh is the more favorable habitat. 
Recruitment from the Gulf seemed to be delayed by semi-
impoundment. Spot at all semi-impounded sites averaged 10 
to 20 mm longer than their natural marsh counterparts when 
they began their return to the Gulf. About 75% as many spot 
were taken from the semi-impounded sites as from the natural 
sites, but their biomass was nearly 40% greater. All of the 
evidence indicates semi-impoundment benefited spot during 
their stay in the marsh. 
112 
SPOT SUMMARY 
Recruitment fell within the period reported in the 
literature, but was of considerably shorter duration. 
Size and low salinity interaction, water level 
fluctuations, environmental changes accompanying the fish 
kill, and low temperatures are given as the most probable 
stimulants to emigration in specific instances. 
Spot are estimated to be 180-200 mm at 1 year of 
age, which is considerably larger than most previous esti-
mates. 
Examples are given from previous studies showing 
length-frequency confounding from sampling transients has 
probably caused misinterpretations in life history of spot. 
Spot from semi-impounded sites were definitely 
fatter than those from natural marsh, and probably grew 
faster. Semi-impoundment definitely seems to have benefited 
spot during their stay in the marsh, and the marsh is 
strongly indicated as their primary nursery. 
MENHADEN 
Adults of all three species of menhaden indigenous 
to the Gulf (Brevoortia patronus, B. smithi, and B. gunteri) 
occur along the Louisiana coast, but juveniles of the latter 
two species are not believed to occur in Louisiana. 
(William R. Turner, U.S. Dept. of Commerce, NOAA Biological 
Laboratory, Beaufort, N.C., personal communication.) 
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Therefore, I assumed all the menhaden in my samples were B. 
patronus and made no effort to check for other species. 
RECRUITMENT 
Suttkus (1956) took 20-mm menhaden in Lake Pontchar-
train from December through March and reported no summer 
spawning. My study confirms the virtual absence of summer 
spawning, but I took several hundred 20-mm larvae as late as 
April 22, 1967; a significant number this size were not 
taken again until January 1968. Peak recruitment at my 
areas was apparently between early January and late April. 
Springer and Woodburn (1960) took larval menhaden in 
March having a modal length of 23.5 mm (standard length). 
They said this was important in that it demonstrated B. 
patronus reached their southern Florida inland waters at a 
smaller size than reported for Lake Pontchartrain by Suttkus 
(1956). Springer and Woodburn apparently misread Suttkus' 
paper; although he used standard length in his detailed de-
scriptions of metamorphosis, his length-frequency distribu-
tion tables are in total length. Suttkus took several 
hundred menhaden as small, or smaller, than those taken by 
Springer and Woodburn. Also, length-frequency graphs of 
menhaden taken in this study (Figs. 11 and 12) show several 
thousand in my 15-mm class. Had the net mesh been smaller, 
I would have taken thousands more, and probably shorter ones 
also. Menhaden this tiny fell through the surface trawl net 
as it was lifted and no attempt was made to retrieve them. 
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INTERACTING FACTORS AFFECTING DISTRIBUTION 
The menhaden is one of the few estuarine dependent 
fishes that has been the object of considerable research. 
Even so, not much is known about its ecological relation-
ships. 
A number of authors have indicated environmental 
factors affect menhaden distribution. I feel this was true 
in this study, but I am unable to say precisely which fac-
tors were probably most important at any particular time. 
Salinity 
Salinity was the only environmental factor measured 
in this study that differed greatly at Biloxi and Marsh 
Island. Therefore, it furnishes the best basis for discus-
sion, but this does not necessarily mean it was the most 
important factor influencing distribution. 
Salinity, location, and abundance.—In a previous 
study (Herke, 1968) salinity was consistently low and men-
haden were taken in greatest abundance below 2.0 ppt. 
However, the extremely high catches taken then may have been 
the result of sampling in the bayous; menhaden may have been 
leaving the marsh and beginning a gradual movement through 
the bayous to the Gulf. 
In the present study, I took 85,000 menhaden at 
Marsh Island, and most were taken during the period when 
salinity was about 1 to 4 ppt. I took 24,000 at Biloxi; 
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most were taken during the same months as those at Marsh 
Island, but salinities varied between 7 and 12 ppt. There 
appears to be a relationship between salinity and abundance; 
however, the relationship may actually be between geographic 
location and,abundance. The greatest catches were in west-
ern Louisiana (Herke, 1968); intermediate numbers were taken 
at Marsh Island in central Louisiana; the smallest numbers 
were taken at the Biloxi area in eastern Louisiana. There-
fore, a west to east abundance gradient may exist. 
Size and salinity.—June and Chamberlin (1959) as-
serted both laboratory and field observations had shown 
menhaden metamorphosis from larva to juvenile did not 
proceed normally except in low salinity water. They also 
state that as the juveniles grow, they spread downstream 
until a size gradient is established over their range of 
distribution within the estuary. McHugh, Oglesby and 
Pacheco (1959) stated juveniles primarily inhabit only the 
estuaries, with yet a segregation by sizes within the age 
group, the smallest being in the least saline water. These 
studies therefore indicate a definite correlation between 
size and salinity under certain conditions. 
My study illustrates that the size and salinity 
relationship for menhaden is complex. Menhaden size ranges 
during any particular period were nearly identical at Marsh 
Island and Biloxi, even though salinities were much lower 
at Marsh Island. Gunter (1961b) has explained such apparent 
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lack of correlation between size and salinity thus: 
The correlation is not with a given salinity, but rather 
with the gradient as a whole. In other words, the rela-
tionship is present whether the salinity range in a 
given estuary is 5 to 20 °/oo or 20 to 35 °/oo. This is 
obvious, or otherwise the life histories and abundancies 
of the estuarine raised organisms would fluctuate with 
small annual changes of the general salinity picture. 
Gunter is undoubtedly correct, but since the correlation 
holds up for a constant size range, over a varying salinity 
range, either other factors must be interacting with these 
two, or it is not a causal relationship. 
Fish kill.—The Biloxi fish kill apparently caused 
mortality or emigration at IN (see Table 5). 
AGE AND GROWTH 
At Marsh Island, and at Biloxi Station 2, length-
frequencies for May and June were nearly static, indicating 
emigration was balancing immigration. Most manhaden ap-
parently emigrated before they reached 60 mm and 6 or 7 
months of age. Suttkus (1956) also shows static length-
frequencies in April, May, and June, 1954, suggesting 
emigration from Lake Pontchartrain was occurring at about 
the same rate as immigration from the marsh. His modal 
length during these months was about 45 mm. In his study, 
immigration and emigration apparently slowed or halted in 
July, and modal length increased to about 85 mm in July. 
After July, the numbers in his length-frequency table 
become small and their distribution is erratic. 
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Suttkus and Sundararaj (1961) used the scale method 
to determine the age of 85 menhaden, with matured gonads, 
taken in late January. They concluded 8 were age group I, 
73 were age group II, and 4 were age group III; respective 
mean lengths of these three groups were about 140, 155, and 
167 mm. 
Age group I would be those having a single annulus 
on their scale; age group II would have 2; and III would 
have 3. However, it is believed that individuals of B. 
patronus in the Gulf can form their annuli any time between 
October and March (Robert B. Chapoton, NOAA Biological 
Laboratory, Beaufort, N.C., personal communication). There-
fore, those in age group I could conceivably have been as 
young as 10 months, or as old as 15 months, and those in age 
group II probably could have been 15 months to 27 months old. 
With ranges this wide, and a total sample of only 85 fish, 
it is difficult to estimate growth rate. Based on the ap-
parent growth shown by my Figures 11 and 12, and the length-
frequency table in Suttkus (1956), the estimates made by 
Suttkus and Sundararaj (1961) seem fairly reasonable. 
However, it is unlikely the annual increment in length would 
typically decrease so abruptly after the first year. McHugh 
et al. (1959) indicate the average annual increment decreases 
by about 40% in the second year (compared to the first) in 
the closely related Atlantic species, Brevoortia tyrannus. 
Suttkus and Sundararaj (1961) estimated their age 
group II fish to be more than three times as fecund as their 
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age group I fish. In most years, age group I fish should be 
considerably more abundant than those in age group II. 
Therefore, if a significant portion of the age group I men-
haden spawn, this group may make an important contribution 
to annual reproduction. I believe comprehensive studies 
are still needed to determine accurately the growth rate of 
menhaden and the age composition of the spawning population. 
LENGTH-FREQUENCY CONFOUNDING 
Perret (1966) took 203 menhaden in 273 Vermilion 
Bay otter trawl tows averaging about 800 meters long; I took 
1138 in 98 otter trawl tows each 400 meters long. His trawl-
ing sites averaged 4 to 5 feet in depth, so his otter trawl 
was probably less efficient for this species than it would 
have been at my sites; even so, the marsh appears to be the 
primary nursery. 
Segregation by size 
Streams and open water.—As has been mentioned 
earlier, other workers, sampling in estuarine streams and 
open waters, have noted a segregation by size. Even in the 
juveniles, it has been noted that all fish in a particular 
school are nearly the same size and that there is a size 
gradient that parallels the salinity gradient throughout 
the estuary. 
Marsh.—It is apparent from my length-frequency 
graphs that the accuracy of the preceding statements breaks 
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down in the marsh. Menhaden over a relatively wide range in 
length were taken on most trips. This is not an artifact 
caused by combining four separate samples at each site each 
trip. Most were taken in the surface trawl, and individual 
surface trawl samples usually contained fish throughout most 
of the length range shown in my figures. Therefore, in the 
marsh there is either a heterogenous mixture of sizes, or a 
heterogenous mixture of schools each containing fish of a 
particular size. If the latter is the case, there still is 
no correlation with a salinity gradient, because each indi-
vidual sample covered a distance of only 400 meters. 
Possible explanation.—There is no reason to doubt 
the size segregation noted by others in streams and open 
water areas. Therefore, it seems this formation of parallel 
size and salinity gradients must occur as the menhaden leave 
the marsh and enter the stream or open water estuary. 
Probably at any particular time, most of the menhaden leav-
ing will be within a limited size range. The larger ones 
within the range may move downstream faster than the smaller 
ones but all would grow as they work downstream, thereby 
establishing a size gradient paralleling the salinity gra-
dient. As the season progresses, menhaden seem to remain 
in the marsh until they reach larger sizes. The size range 
at which they leave may, or may not, increase in width; but 
the modal length on departure must increase. Therefore, as 
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the season progresses, menhaden taken at a particular site 
in a stream or open water estuary will increase in size. 
This increase in size would appear to be measuring growth 
rate of a resident population and this has been the usual 
interpretation; if my hypothesis is correct, it is actually 
an index of the seasonal increase in modal length at which 
menhaden leave the marsh. 
Lake Pontchartrain study 
Suttkus (1956) presented length-frequency tables of 
menhaden taken in Lake Pontchartrain between 1953 and 1955. 
Menhaden were taken over similar but wider length ranges 
than I took in the marsh. The wider ranges would be ex-
pected because Suttkus combined monthly data from fish taken 
throughout Lake Pontchartrain (mostly near shore), and ad-
joining waters. He did not begin to take significant 
numbers of menhaden until 1 to 2 months later than I did in 
both this study and another marsh study reported earlier 
(Herke, 1968). Furthermore, Suttkus took large numbers in 
June, July, August, and September whereas my largest catches 
were between April and July. Suttkus stated that emigration 
of young-of-the-year from estuarine waters seems to be dur-
ing August or September; my young-of-the-year menhaden had 
practically deserted the marsh areas by August 1 in this 
study and were declining in the semi-impounded marsh, in my 
other study, when collections terminated on June 22. These 
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temporal differences also indicate the marsh is the primary 
nursery for menhaden. I believe the menhaden Suttkus took 
were transients passing both to and from the marsh. 
LENGTH-WEIGHT RELATIONSHIP 
Monthly data.—Weights could not be used from fish 
below 35 mm because metamorphosis is not complete until 
about 28 to 30 mm (Suttkus, 1956). Consequently, only 15 
pairs of data sets from the monthly samples could be tested. 
Data sets at BS, Trips 10 and 11, showed a significantly 
greater mean weight than their matching pair from BN, and 
the rate of gain in weight on Trip 10 was also greater at 
BS (all at 95 or 99% level). 
Pooled data.—When the monthly data were pooled, BS 
proved to have a significantly greater mean weight than BN 
(95%). Also, rate of gain was significantly greater at IS, 
2S and BS than at their matching sites (99%). 
These were statistically significant differences, 
but I am uncertain as to their biological significance. 
Menhaden are too mobile to be certain the area they are 
taken in was the one responsible for any differences that 
may exist; also, the greater mean weight may have resulted 
from lower intraspecific competition. The statistical 
differences may indicate a more rapid fattening in semi-
impounded waters but I am unprepared to go beyond this 
tentative inference. 
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EFFECTS OF SEMI-IMPOUNDMENT 
Semi-impounded marsh lagged a little behind natural 
marsh in the time of recruitment of menhaden. Semi-
impoundment may have delayed emigration until a slightly 
later date, and larger size of emigrant, was reached in this 
study. 
The pondweeds appeared too late to affect menhaden 
catch to any degree in this study, but they remained 
throughout Holloway's (1969) study. Two of his semi-
impounded sample sites were vegetated and two were not; 
they received equal sampling effort with the surface trawl. 
Our overall catch of menhaden at Marsh Island was similar 
but in the semi-impounded marsh only 8% of his menhaden were 
from vegetated sample sites. 
Total biomass of menhaden taken also furnishes some 
indication semi-impoundment may increase the rate of weight 
gain. Nearly 110,000 menhaden were taken in this study; 
78% were from the natural marsh as was 63% of the menhaden 
biomass. Most of this difference was due to the Marsh 
Island catch. Menhaden catch at the paired Biloxi sites 
was nearly identical in numbers and biomass taken and fre-
quency of occurrence of menhaden in samples. Possibly 
salinity differences at the two areas determined whether 
semi-impoundment had an effect on these parameters. 
Semi-impoundment may have reduced the severity of 
the fish kill. 
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More study is needed, but at this point I suspect 
semi-impoundment of the marsh either has no effect, or de-
creases use of the marsh by menhaden, unless growth of 
rooted aquatic vegetation is stimulated; aquatics appear 
to reduce use of the area by menhaden. Menhaden seem to be 
more abundant in low salinity water. Semi-impoundment is 
usually done to stimulate the growth of rooted aquatics, 
and seems to be more effective in doing so in waters of low 
salinity; therefore, the overall effect of semi-impoundment 
is likely to be detrimental to menhaden. 
MENHADEN SUMMARY 
All menhaden taken were assumed to be B. patronus. 
Peak recruitment was between early January and late April. 
There were indications of correlations among men-
haden size, salinity, location and abundance, but the causes 
of the correlations (if they existed) are unknown. 
Young menhaden about one year old may constitute a 
significant portion of the spawning population. 
In the marsh, menhaden may not segregate into 
schools containing fish of uniform size, and there was no 
correlation between size and a salinity gradient. 
Length-frequency confounding from sampling tran-
sients has apparently caused much misinterpretation of 
menhaden life history. 
The marsh is indicated as the primary nursery for 
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menhaden; semi-impoundment probably either has no effect on, 
or reduces, use of the marsh by menhaden. 
STRIPED MULLET 
Total catch of the striped mullet was the least of 
any of my major fish species, even though they were abundant 
at both study areas. Striped mullet are difficult to cap-
ture; consequently information in the literature is not 
available in proportion to the abundance and importance of 
the species. The striped mullet was included with the other 
major species so my length-frequency graphs could be pre-
sented for reference (Figs. 13, 14 and 15). 
RECRUITMENT 
At both Biloxi and Marsh Island, recruitment in the 
20-mm length range occurred in January, February, and March. 
This is in basic agreement with the findings of others for 
the northern Gulf. 
INTERACTING FACTORS AFFECTING DISTRIBUTION 
The large catch at Marsh Island site AN on Trip 2 
was mostly from a single otter trawl sample on Day 2; 158 
striped mullet were taken then, all 60 mm or longer. This 
catch was associated with an unusually shallow water depth 
which probably increased susceptibility of the striped mullet 
to the trawl, rather than affecting their distribution. 
About three times as many striped mullet were taken 
at my low salinity area (Marsh Island) as at my higher 
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salinity area (Biloxi). Considering the generally greater 
abundance, seasonal difference in abundance, and difference 
in size ranges, at Marsh Island compared to Biloxi, I sus-
pect salinity somehow affects their distribution. 
Salinity differences between Marsh Island and Biloxi 
were greatest between April and July (Pig. 5). Catch rate 
of fish 60 mm and longer at Marsh Island was generally 
lowest in April, and May; whereas at Biloxi, catch rate of 
this size was highest in April and May; during the other 
months they were common at Marsh Island but rare at Biloxi. 
Kilby (1955) took striped mullet through September 
in his lower salinity area, but none after June in his 
higher salinity area; Zilberberg (1966) in a high salinity 
marsh, also took none after June. Miller and Jorgenson 
(1969) took a few in nearly every month in high salinity 
marsh, but they were rare between July and December. In 
these three studies, seines were the primary sampling gear 
and very few striped mullet over 60 mm were taken; their 
catch may have been influenced by gear selectivity, but our 
results do agree. Kilby and I found juvenile striped mullet 
in our lower salinity areas through most of the year. We 
all found them scarce, or absent, in higher salinity marsh 
after June. 
It seems there may be a correlation between salinity 
in the marsh and abundance of striped mullet. If so, how-
ever, the cause must be indirect because the species is 
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known to be euryhaline. Perhaps salinity affects some other 
factor of importance to striped mullet, such as abundance of 
preferred food. 
AGE AND GROWTH 
Like menhaden and anchovies, striped mullet are 
mobile fishes that frequently school and swim near the sur-
face, so the weirs probably presented no barrier to them. 
The Marsh Island length-frequency graphs present a 
relatively static picture, indicating nearly continuous re-
cruitment at about 60 mm, and emigration at the upper size 
limit. Therefore, growth estimates will not be attempted 
from them. 
Modal length at Biloxi semi-impounded site 2S in-
creased from 100 mm in May to 150 mm in November. This 
could be interpreted as growth rate if one assumes the same 
population was sampled each month, but this is an unsafe 
assumption. 
LENGTH-FREQUENCY CONFOUNDING 
It is my opinion that interpretation of the length-
frequency graphs for striped mullet in this study, and many 
others, is seriously confounded by the sampling of tran-
sients, and gear selectivity. Unlike the situation with my 
other major species, neither trawl by itself took a sample 
representative of the population present, and the overlap 
in size ranges taken by the two trawls was poor. The 
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surface trawl took a few of all sizes, but most were 30 mm 
or shorter; the otter trawl took only five striped mullet 
less than 60 mm long. As stated earlier, striped mullet are 
hard to capture; I believe many other studies have probably 
suffered from similar difficulties with this species. 
LENGTH-WEIGHT RELATIONSHIP 
Monthly data.—The length-frequencies at matching 
sites overlapped so poorly the criteria for length-weight 
relationship tests were met by only four monthly sets of 
paired Marsh Island data. None showed significant differ-
ences in mean weight over the size ranges tested. Only AN, 
Trip 9, indicated a significantly greater rate of gain. 
Pooled data.—Pooled data from Trips 9 and 10 at 
Station A, and Trips 11 and 12 at Station B failed to show 
significant differences in mean weight. Although rate of 
gain was statistically greater at one site, because of the 
small number of organisms involved I do not wish to specu-
late on the biological significance of this fact. 
EFFECTS OF SEMI-IMPOUNDMENT 
Average weight of all striped mullet from semi-
impounded areas was 19.1 g; that from natural marsh was 
20.7 g. This, and non-significance of the statistical tests 
for mean weight differences, may indicate semi-impoundment 
had no effect on growth of striped mullet. Unfortunately, 
it could also indicate considerable mixing of these fish 
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between the two marsh types. There is presently no way of 
deciding which interpretation is correct. 
Striped mullet were frequently observed evading the 
trawls, and relative number taken per sample tended to be 
erratic. I believe catch of this species was often governed 
by factors such as water depth rather than relative abundance. 
Therefore, I will not attempt a judgment concerning the ef-
fect of semi-impoundment on striped mullet, except to note 
that it may have reduced the effect of the Biloxi fish kill. 
BAY ANCHOVY 
The bay anchovy is found mostly in low salinity water, 
and is largely replaced by other anchovies in higher salini-
ties. Gunter (1941) estimated that anchovies constituted 
the largest biomass of any single group of fish in the 
Northern Gulf. My study certainly indicates this holds true 
in the marsh. Bay anchovies were taken in greater numbers, 
and biomass, than any other species. Their true biomass was 
probably even relatively greater. This slender little fish 
easily passed through the mesh of the surface trawl until 
they were at least half grown. The marsh almost certainly 
is their major nursery. 
RECRUITMENT 
Length-frequency graphs of bay anchovies taken in 
this study are presented in Figures 16 and 17. These graphs 
are difficult to interpret because they are seriously biased 
in favor of the larger fish. 
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Figure 17 Length-frequency of bay anchovies taken in the surface trawl at 
Biloxi. (Otter trawl catch was not measured.) The number of 
fish in each length class is proportional to the area of the 
corresponding circle. 
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Recruitment of fish in the 20-mm length class oc-
curred every month of the year, but the recruitment cycle 
was bimodal. Very few bay anchovies were taken in February 
1967 and again in January and February 1968. Total catch 
peaked in spring, dipped to a low in the summer and peaked 
again in the fall. This species apparently has two extended 
spawning periods yearly. Rapid growth is indicated for the 
fish taken on the February and March 1967 trips, suggesting 
they were spawned in the winter. Appearance of 10- and 
15-mm fish in the samples, during late spring and summer 
indicates a second spawning peak then. 
INTERACTING FACTORS AFFECTING DISTRIBUTION 
The length-frequency graphs are most certainly 
biased by selectivity for the larger fish. Also, like the 
menhaden, the anchovy is a mobile, schooling fish frequently 
swimming at the surface. Therefore, I will make no attempt 
to evaluate interacting factors for the bay anchovy except 
to note those at IN were either killed or forced to emigrate 
by the Biloxi fish kill. 
AGE AND GROWTH 
Water temperature in March was as high as 80 F 
(Fig. 4). If the fish taken in February and March were from 
the same population both months, growth was rapid. If the 
same assumption can be made for other successive months, 
growth (judged by increases in maximum length) was generally 
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rapid throughout the year. 
Gunter (1945), and Springer and Woodburn (1960) 
agreed that based on their length-frequency graphs, two and 
sometimes three year classes were present. There are exam-
ples in my graphs where two, and rarely three, modes occur 
in a line of circles, but I doubt these indicate fish 
spawned at yearly intervals. Hildebrand (1963) stated the 
early young of the season seem to become sexually mature at 
36 to 48 mm in July and early August of the same year in the 
Beaufort, N.C. area. Both Gunter and I have noted a large 
decline in numbers of bay anchovies in summer. I think it 
is likely the young fish that came into the marsh in late 
winter and early spring make a spawning run to the Gulf in 
midsummer. If so, then their offspring probably account for 
the abundance peak again in the fall. By winter these off-
spring should be ready to spawn, along with any surviving 
older fish. If this hypothesis is correct, bay anchovies 
in the northern Gulf produce two generations per year. The 
hypothesis is further supported by the fact that I took 
55-mm and longer bay anchovies primarily in the spring and 
fall. 
LENGTH-FREQUENCY CONFOUNDING 
If the preceding hypothesis of 2 generations per 
year is correct, it has been partially obscured by length-
frequency confounding. 
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LENGTH-WEIGHT RELATIONSHIP 
Monthly data.—A total of 43 monthly data set pairs 
were tested; mean weight was significantly higher (95 or 
99% level) seven times at semi-impounded sites (thrice at 
AS, twice at IS and once each at 2S and BS) and twice in 
the natural marsh (once each at 2N and AN). Only two or 
three such differences should have occurred from ordinary 
sampling variation. Therefore, bay anchovies tended to be 
fatter in the semi-impounded marsh. Significant differences 
in slope occurred only three times. 
Pooled data.—After combining the monthly data, 
only AS had a significantly greater mean weight (95%). This 
greater mean weight probably should not be attributed to the 
presence of pondweeds. Two of the three monthly AS samples 
with significantly greater mean weight were taken before the 
pondweeds appeared; the only one with a lesser mean weight 
was taken after they appeared. 
EFFECTS OF SEMI-IMPOUNDMENT 
The length-weight relationship comparisons indicate 
a tendency for bay anchovies to be fatter in semi-impounded 
areas. However, semi-impoundment frequently causes in-
creased growth of submergent vegetation. Of the total 
number of bay anchovies taken at AS, I took only 26% after 
the pondweeds became established; I took 55% of the total 
number captured at BS during this same period. Holloway 
139 
(1969) took an even smaller percentage of his anchovies in 
vegetated areas the next year. Also the length-weight re-
lationship suggests vegetation may reduce the bay anchovy 
food supply. 
Semi-impoundment seems to have prevented a kill of 
bay anchovies at Biloxi. 
At Marsh Island 60% of the bay anchovies by number, 
and 66% by weight, were taken from semi-impounded marsh. 
At Biloxi, 43% by number and 44% by weight were taken from 
semi-impounded marsh. Yet when the total catch from both 
areas is combined, the catch was almost equally divided be-
tween semi-impounded and natural marsh. 
Many other apparently contradictory pieces of evi-
dence could be found in the data, but I think it is point-
less. I believe this is a very rapidly growing organism 
that will require sampling more frequently than once a month 
to obtain much additional information from length-frequency 
graphs or catch data; a smaller meshed trawl will also be 
required. 
More information is needed, but at this point it 
appears semi-impoundment has little consistent effect on 
bay anchovies unless it increases production of rooted 
aquatic vegetation. As noted under menhaden, stimulation 
of the growth of aquatic vegetation is a primary purpose of 
semi-impoundment; therefore, the overall effect on bay 
anchovies will probably be to reduce their numbers and 
biomass. 
140 
BROWN SHRIMP 
The surface trawl was more effective on small shrimp 
(both brown and white) as was the otter trawl on larger 
ones. However, the degree of overlap in size range caught 
by the two trawls was much wider than with many other orga-
nisms. Each trawl caught some equal to the smallest, or 
largest, taken by the other. Length-frequency graphs of 
brown shrimp taken in this study are presented in Figures 
18 through 21. 
The pink shrimp, Penaeus duorarum, occurs in Louisi-
ana waters, but is relatively rare and difficult to distin-
guish rapidly from the brown shrimp; consequently all 
grooved penaeids taken in this study were considered brown 
shrimp. Grooved shrimp could usually be distinguished from 
white shrimp by the relative development of the rostral 
grooves when the shrimp were 25 mm long, but all ungrooved 
shrimp below 30 mm were put in the "Penaeus spp." category. 
Only seven "Penaeus spp." were taken prior to August 29, 
1967; most caught after then were probably white shrimp, be-
cause of the time of the year when taken, and are listed 
under that species. 
RECRUITMENT 
Initial recruitment of small brown shrimp, in the 
sizes indicated, has been recorded as occurring in: 
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Figure 19. Length-frequency of brown shrimp taken at Marsh Island Sample 
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Figure 20. Length-frequency of brown shrimp taken at Biloxi Sample Sites 
IN and IS. (Otter and surface trawl catches combined ) The 
number of shrimp in each length class is proportional to the 
area of the corresponding circle. Minimum salinity for each 
trip is shown by solid (N Sites) and dashed lines (S Sites). 
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•Figure 21. Length-frequency of brown shrimp taken at Biloxi Sample Sites 
2N and 2S. (Otter and surface trawl catches combined.) The 
number of shrimp in each length class is proportional to the 
area of the corresponding circle. Minimum salinity for each 
trip is shown by solid (N Sites) and dashed lines (S Sites). 
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Area Date Length Author 
Mobile Bay, Late March, 1954; 
Ala early April, 1955 18-mm mode Loesch, 1962 
Galveston 
Bay, Texas Mid-March, 1964 Not given Parker, 1966 
Copano and 
Aransas 
Bays, Texas April, 1942 23-mm Gunter, 1950b 
Barataria First to fourth 
Bay area, week in March, 15 to 31 mm St. Amant, Broom 
La. 1962-1965 average and Ford, 1966 
My length-frequency graphs may indicate a different recruit-
ment pattern for brown shrimp juveniles in the marsh. At 
Biloxi, a 45- and a 55-mm shrimp were taken on the February 
10, 1968 trip and 22, ranging from 60 to 100 mm, were taken 
on the March 23, 1967 trip. This may indicate light recruit-
ment in the marsh considerably earlier than the above open 
water estimates, or these shrimp may have been from a very 
late spawn of the preceding year. If the latter is correct 
my initial marsh recruitment was about the same as the open 
water estimates; however, some recruitment continued through-
out the year and tiny brown shrimp were still taken at 
Biloxi in mid-December. 
There is evidence of a "time" factor in recruitment 
at Marsh Island. Most postlarvae presumably entered the 
Bay through Southwest Pass. From the April catch of juve-
niles, it appears they arrived at Station A earlier than at 
Station B. 
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INTERACTING FACTORS AFFECTING DISTRIBUTION 
The literature on shrimp is extensive and much of it 
concerns salinity as it affects distribution. Gunter, 
Christmas and Killebrew (1964) stated, "Salinity seems to be 
a limiting factor per se upon the distribution of populations 
of shrimp." They go on to say that young white shrimp in 
Texas and Alabama bays were found most abundant in salini-
ties lower than 10 ppt while young brown shrimp were most 
abundant at salinities of 10 to 20 ppt. There seems to be 
agreement among most other workers that these statements are 
generally correct for open water estuarine areas. 
Hughes (1969) has shown that pink shrimp respond to 
salinity changes (simulating natural tidal changes) in ways 
that would have adaptive value in nature. Postlarvae could 
detect differences of 1 ppt and their response to these dif-
ferences changed as they grew. Salinity decreases of 2 to 3 
ppt were sufficient to reverse the sign of rheotaxis in 
juveniles, causing them to turn about and swim downstream. 
Catch and salinity.—Catch of brown shrimp in this 
study shows that once again the "rule" breaks down in the 
bA few of the Marsh Island surface trawl samples 
were subsampled (Appendix B). Pertinent information is 
listed below. The actual number of brown shrimp in sub-
samples containing them is followed by the expanded number 
from that sample that is included in the corresponding "Total 
Taken" value in Figure 18 or 19. 
Length Classes Included 
Sample Trip 3 Trip 4 (Trip 4 only) 
AN-2 
AS-1 
BN-1 
7 (32) 
0 (0) 
1 (5) 
169 (847) 
21 (98) 
7 (27) 
25-40, 60 
30, 40, 50, 60-85 
30-40, 55, 60 
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marsh. Marsh Island consistently had lower salinities than 
Biloxi, yet with approximately equal sampling effort 6,366 
brown shrimp were taken at Marsh Island and only 4,059 at 
Biloxi (but 31% more brown shrimp biomass was taken at 
Biloxi). 
Minimum salinity.—Gunter (1961a) and Gunter et al. 
(1964), based on capture of a single shrimp, give 0.80 ppt 
as the lowest salinity at which brown shrimp had been taken 
in the northern Gulf. The lowest salinities recorded at 
Marsh Island occurred on Trip 4 (May 2). Catch of brown 
shrimp, by individual sample site, on Trip 4 is listed be-
low: 
Sample Site 
and Day 
AN-1 
AN-2 
BN-1 
BN-2 
AS-1 
AS-2 
BS-1 
BS-2 
Ottei 
No. Taken 
24 
99 
22 
82 
217 
371 
91 
235 
• Trawl 
ppt Salinity 
0.86 
1.49 
0.68 
1.08 
1.85 
1.82 
1.29 
1.41 
Surface 
No. Taken PT 
34 
847 (est.) 
27 (est.) 
48 
98 (est.) 
76 
47 
55 
Trawl 
3t Salinity 
0.81 
1.61 
0.78 
1.12 
1.43 
1.81 
1.19 
1.29 
A total of 49 shrimp were taken at salinities be-
tween 0.68 and 0.78 ppt, and 58 more were taken at salini-
ties below 0.86 ppt. This may confirm Gunter's conclusion 
that 0.80 ppt is about the minimum tolerance limit for brown 
shrimp; but the listing above also raises several unanswered 
questions, especially since the shrimp showed no evidence of 
harm from the low salinity. Is it likely that I sampled at 
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the exact day when salinity reached its lowest point? If it 
went lower at other times, did the shrimp move to higher 
salinity areas then, and return when salinity rose? At a 
given sample site, size range remained relatively constant, 
from Day 1 to Day 2, but catch varied considerably. Is the 
direct correlation between salinity level and catch rate in 
the natural marsh (N areas) on this trip due to chance, or 
did some of the shrimp move in and out of the sample area as 
the tidal fluctuations caused the salinity to rise and fall? 
Or is the correlation actually with some related factor? 
For instance, at the natural sites on Day 2, turbidity was 
consistently higher (Table 13) and temperature and water 
depth were consistently lower (Tables 9 and 7). 
Size and salinity.—Gunter (1950b) showed a direct 
correlation between size and salinity for brown shrimp taken 
in bay and Gulf waters. Sudden changes in salinity may 
possibly cause sudden migration of shrimp in the natural 
marsh. Since semi-impoundment moderates salinity fluctua-
tions, such migrations (if they occur) should be minimized 
in the weired areas. Therefore, data from the semi-
impounded areas are again most likely to show a correlation 
between si^e and salinity, if the correlation exists. 
At Marsh Island, a direct correlation seems to exist 
between the maximum length brown shrimp taken, and the exist-
ing low salinities at semi-impounded sites, for the trips of 
May through August (Figs. 18 and 19 and Table 11). 
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Emigration of the larger shrimp in May and June is indicated 
by the relatively small changes in maximum lengths while 
minimum lengths increased considerably more. After August, 
the stimulus to emigration from seasonal changes probably 
overrode the effect of increasing salinity. The one ap-
parent contradiction to the direct correlation prior to 
August was on Trip 5 at AS. However, this contradiction 
could be explained by emigration from AS of most of the 
shrimp that were over 55 mm on the previous trip, with in-
sufficient time for the next wave to have reached the maxi-
mum length tolerable at the existing salinity. 
Figures 18 through 21 probably indicate a relation 
between shrimp size and salinity in the marsh in yet another 
way. During their period of abundance, brown shrimp minimum, 
modal and maximum lengths were consistently greater at 
Biloxi, which had the higher salinity. 
Fish kill.—Environmental factors associated with 
the Biloxi fish kill had an obvious effect on all sizes of 
brown shrimp at IN, and apparently killed the larger ones at 
2N or forced them to emigrate. 
AGE AND GROWTH 
Growth rate estimates vary, but were summarized by 
Christmas and Gunter (1965) as ranging between 0.5 to 1.7 
mm per day in summer. St. Amant et al. (1966) estimated 
average growth rate in Barataria Bay to be about 1.0 mm per 
day. 
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My length-frequency graphs give the impression of 
very rapid growth at some times and very little at other 
times. For instance, at Marsh Island, 131 brown shrimp 
were taken at AN and 5 at BN in April; none were over 40 mm. 
A great many more shrimp, of much larger size, were taken at 
these two sites on the following trip. Based on maximum 
lengths taken, apparent growth rate was from 1.9 to 2.1 mm 
per day. However, recruitment was obviously occurring and 
there is no guarantee the 80- and 90-mm shrimp taken in early 
May were not longer than 25 and 40 mm respectively in April 
but had not yet immigrated into the sample sites. The same 
possibility may explain the complete absence of brown shrimp 
in the April samples at AS and BS, and the sudden appearance 
of large numbers of brown shrimp in the May samples ranging 
up to 100 mm. Similar observations could be made for the 
Biloxi samples. 
Growth and emigration occurred so rapidly, or 
wandering within the marsh was so common, that modes from 
the monthly samples are difficult to follow. In those few 
instances where modes appear in a graph on successive months 
in such a manner as to seemingly indicate growth, apparent 
growth varied between 0.7 and 1.1 mm per day. If emigration 
occurred between these successive trips, it probably was the 
larger shrimp that emigrated; therefore, these estimates 
should be regarded as conservative, or minimum, estimates of 
growth rate. On the other hand, if wandering within the 
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marsh was so common that the shrimp taken at a particular 
site in successive months were primarily from different 
"populations," the estimates may be completely unreliable. 
From the preceding discussion, it is obvious one 
cannot trust shrimp age and growth estimates from monthly 
length-frequency samples. These organisms grow too fast, 
and may be too mobile to be sure one is sampling the same 
"population" from month to month. In fact, I suspect shrimp 
may wander considerably, and over long distances, within the 
marsh system before they enter the open water areas. The 
literature concerning marked shrimp indicates that once they 
enter open water, movement is primarily seaward; to my knowl-
edge, no mark and recapture experiments on shrimp have been 
performed wholly within the marsh. 
Although I will make no estimate of growth rate, I 
think most current estimates are either correct or too con-
servative. 
LENGTH-FREQUENCY CONFOUNDING 
The confounding of length-frequency data for deter-
mining growth rates of shrimp has been recognized. McCoy 
and Brown (1968) noted length-frequency distribution curves 
for brown, pink and white shrimp that indicated static 
populations and said "Maintenance of this apparent state of 
equilibrium, therefore, resulted from migration of larger 
individuals outside the mark-release areas and immigration 
of smaller ones from upstream reaches into the mark-release 
areas. " 
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Minimum growth temperature.—St. Amant et al. (1963) 
stated that in limited laboratory experiments brown shrimp 
postlarvae survival was good below 15 C but no growth oc-
curred. They speculated that postlarvae tend to accumulate 
in the nursery grounds, without growing appreciably, until 
the bay waters reach late spring or early summer tempera-
tures, at which time the entire population virtually ex-
plodes. The sudden appearance of 21-to 50-mm shrimp in 
Barataria Bay between March 20 and 31, 1962 coincided with 
warming of the water to 20 C (68 F); St. Amant et al. con-
cluded, "Metamorphosis of postlarvae into rapidly growing 
juveniles occurs suddenly after water temperature exceeds 
20 C and continued upward to summer levels." A subsequent 
report by St. Amant et al. (1966) reiterated the point that 
temperatures above 18 C, and preferably above 20 C, led to 
best growth and survival. They also stated salinities above 
15 ppt favored growth and survival. 
St. Amant et al. (1963; 1966), were correct in con-
cluding that temperature greatly influences growth of 
postlarvae and subsequent appearance of juveniles, but I 
believe they erroneously postulated an explosive growth 
because of length-frequency confounding from sampling tran-
sients. Now that brown shrimp are known to inhabit the 
marsh in abundance, even at low salinities, I believe the 
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hypothesis of St. Amant et al. (1963) should be modified. 
In my opinion, it is presently more logical to assume the 
postlarvae, or very small juveniles, move all the way into 
the marsh in late winter or early spring. Here they may 
grow fairly rapidly whenever the water warms for short 
periods, and cease growing when it cools. (For instance, 
Figure 4 shows that marsh water reached 68 F for at least 
short periods in January 1968 and February 1967 and nearly 
equaled, or exceeded 68 F through most of March 1967.) At 
about the same time that the bay water reaches 68 F (20 C) 
some of these small juveniles may begin to emigrate back 
toward the Bay and Gulf. This modification of the hypothe-
sis of St. Amant et al. (1963) would account for the sudden 
appearance of juvenile brown shrimp up to 50 mm without 
requiring an "explosive" metamorphosis and growth triggered 
at some specific temperature. 
Perret's study.—The proposed modification of the 
hypothesis of St. Amant et al. (1963) is also consonant with 
catch in Vermilion Bay by Perret (1966). In 1965 he took no 
brown shrimp prior to May. In May they began to appear in 
his catch, primarily at the two northern stations (those 
nearest extensive marsh). Size ranged in May from 40 to 90 
mm, with most above 50 mm. (My Marsh Island brown shrimp 
ranged from 25 to 100 mm on May 2, 1967; Figs. 18 and 19.) 
In June, Perret's catch rose at all three stations, but 
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catch was slightly the highest at Southwest Point- Modal 
length had increased at all stations and was then highest 
at Southwest Point. In July, his catch dwindled to less 
than half that in June at the two stations near extensive 
marsh and nearly tripled at Southwest Point near the Gulf. 
Modal length remained highest at Southwest Point. His total 
catch plummeted in August. One can almost visualize a wave 
of brown shrimp pouring out of the marshes, moving down the 
Bay, and finally funneling through Southwest Pass to the 
Gulf. 
The three months of peak abundance at Marsh Island 
preceded Perret*s by about one month, also indicating pro-
duction in the marsh, then movement through the Bay to the 
Gulf. In his three months of primary abundance, Perret took 
2,452 brown shrimp. In the otter trawl, on my three trips 
of primary abundance at Marsh Island, I took 3,290 brown 
shrimp. Based on commercial harvest and fishing effort data 
(Lyles, 1967, 1969) abundance of brown shrimp in the area 
between the Mississippi River and the Texas border was about 
two-thirds as great in 1965 as 1967; coincidentally, Perret's 
1965 catch was about two-thirds mine in 1967. However, when 
examined in terms of catch rate, mine was better than 17 
times as great as Perret's. 
Shrimp undoubtedly continue to grow as they move 
toward Southwest Pass but size ranges taken by Perret and me 
were similar. His 1965 shrimp would have been larger, and 
155 
his catch rate higher, if Vermilion Bay had not been open to 
commercial shrimping from May 15 to July 15 and August 16 to 
December 20. Even so, since Perret was necessarily sampling 
transient brown shrimp from the marsh, as well as any Bay 
residents present, production in the marsh must make the 
major contribution to total harvest. 
LENGTH-WEIGHT RELATIONSHIP 
Monthly tests.—In 5 of the 11 tests for monthly 
differences at Biloxi, brown shrimp mean weight from the 
semi-impounded area was significantly heavier at the common 
mean length. In nine monthly tests at Marsh Island, they 
were heavier once at AN and once at AS at the common mean 
length; the other tests were non-significant. Differences 
in rate of gain were non-significant in all monthly tests. 
Pooled data.—Monthly data from each site were 
pooled and tested against the matching site. Mean weights 
at Biloxi semi-impounded sites IS and 2S were significantly 
heavier than those from the natural marsh (99% level). 
Slope of the curve denoting rate of weight gain was also 
significantly heavier at IS (95% level); since the shrimp 
at IS were fatter than at IN, this probably means they 
actually were fattening faster. No significant differences 
were found for Marsh Island brown shrimp. 
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EFFECTS OF SEMI-IMPOUNDMENT 
Semi-impoundment at Biloxi resulted in heavier brown 
shrimp for a given length, over the range of about 35 to 135 
mm. It had no such effect at Marsh Island. It is noteworthy 
that commercial shrimpers consider Biloxi a brown shrimp 
area, and Marsh Island a white shrimp area. 
Figure 18 indicates semi-impoundment may delay re-
cruitment of the very small juveniles; the figures furnish 
no information concerning recruitment of postlarvae. 
Apparent growth rate was faster in the semi-impounded 
sites, but this may be caused by a delay in emigration from 
semi-impounded marsh until a larger size is reached. 
Tulian (1920) and Loesch (1962) indicated brown 
shrimp preferred vegetated areas. Invasion of the pondweeds 
did not seem to be detrimental to the brown shrimp in 1967. 
Weaver (1969) took far fewer brown shrimp at Marsh Island 
the following season, but his catch rate was highest in the 
vegetated areas. 
About 50% of my total catch of brown shrimp came 
from the natural marsh, by number, but they contributed only 
38% of the brown shrimp biomass. Obviously semi-impoundment 
resulted in a catch of shrimp having a larger average size, 
and emigration was delayed until a larger size was attained; 
however, the natural marsh may have had a faster turnover 
rate thereby returning more brown shrimp to the Gulf. 
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Semi-impoundment seems to have ameliorated the ef-
fect of the fish kill on brown shrimp. 
BROWN SHRIMP SUMMARY 
Recruitment in the marsh was as early as, or earlier 
than, has been reported for open water areas, and some 
recruitment continued throughout most of the year. Brown 
shrimp postlarvae may move deep into the marsh early in the 
year, and grow intermittently whenever the water warms suf-
ficiently. 
Correlations are noted between brown shrimp size, 
abundance and salinity. These sometimes disagree with pre-
vious correlations given in the literature. Brown shrimp 
were taken at salinities very slightly below previously 
proposed minimum tolerance limits. 
Most current growth rate estimates are believed to 
be either correct or too conservative. 
Brown shrimp in the Biloxi semi-impounded marsh were 
fatter than those in the natural marsh, but similar differ-
ences were not detected at Marsh Island. The marsh is 
indicated as the primary nursery for brown shrimp, and 
semi-impoundment may improve marsh habitat for this role. 
WHITE SHRIMP 
Length-frequency graphs of white shrimp taken in 
this study are presented in Figures 22 through 25. Only 
nine individuals are included in the "Total Taken" shown 
Total 
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Figure 22. Length-frequency of white shrimp taken at Marsh Island Sample Sites 
AN and AS. (Otter and surface trawl catches combined.) The 
number of shrimp in each length class is proportional to the area 
of the corresponding circle. Minimum salinity for each trip is shown 
by solid (N Sites) and dashed lines (S Sites). 
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• • 14-22 • 66-82 • 149-178 
Figure 23. Length-frequency of white shrimp taken at Marsh Island Sample Sites 
BN and BS. (Otter and surface trawl catches combined.) The num-
ber of shrimp taken in each length class is proportional to the area 
of the corresponding circle. Minimum salinity for each trip is shown 
by solid (N Sites) and dashed lines (S Sites). 
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Figure 24. Length-frequency of white shrimp taken at Biloxi Sample Sites 
IN and IS. (Otter and surface trawl catches combined.) The 
number of shrimp in each length class is proportional to the 
area of the corresponding circle. Minimum salinity for each 
trip is shown by solid (N Sites) and dashed lines (S Sites). 
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Figure 25. Length-frequency of white shrimp taken at Biloxi Sample Sites 
2N and 2S. (Otter and surface trawl catches combined.) 
The number of shrimp in each length class is proportional 
to the area of the corresponding circle. Minimum salinity is 
shown by solid (N Sites) and dashed lines (S Sites). 
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in these figures as a result of expanding the few surface 
trawl subsamples (Appendix B). "Penaeus spp." are not 
included in the graphs, but must have been extremely abun-
dant at times to have been taken in large numbers in trawls 
with mesh as large as mine. Only nine "Penaeus spp." were 
taken at Biloxi (in October and November). Only seven 
"Penaeus spp." were taken at Marsh Island prior to August 
29, 1967; those taken on or after that date were probably 
white shrimp and are listed below: 
Length in 
millimeters 
10 
15 
20 
25 
Aug 
AN 
0 
395 
325 
141 
. 2S 
BN 
0 
0 
0 
1 
l 
BS 
2 
0 
0 
0 
Sept. 
AN AS 
0 0 
174 0 
166 1 
102 2 
28 
BN 
0 
1 
3 
10 
BS 
16 
25 
4 
0 
Oct. 
AN 
0 
0 
54 
74 
25 
BN 
0 
0 
0 
3 
Nov. 29 
AN 
0 
0 
2 
1 
RECRUITMENT 
Initial recruitment of small white shrimp, in the 
size indicated, has been recorded as follows: 
Area 
Copano and 
Aransas Bays, 
Texas 
Galveston Bay, 
Texas 
Mobile Bay, 
Ala. 
Brackish 
marsh. La. 
Date 
June 1941 
and May 1942 
June 
Early June 
1955 
July 2, 1969 
Length Author 
23-63 mm Gunter, 1950b 
Baxter and Renfro, 
18-28 mm 1967 
23-45 mm Loesch, 1962 
Loesch & Jacob, 
36-55 mm 1970 
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Figures 22 through 2 5 and the previous estimates 
indicate it may take a number of weeks for the small re-
cruits to work from the bays well back into the marsh. At 
least four waves entered at AN. 
Recruitment patterns varied markedly between Marsh 
Island and Biloxi. The levee break at Marsh Island lagoon 
AS was repaired before recruitment began, so it was not a 
factor in the differing patterns. Recruits as short as 30 
mm were abundant at Marsh Island, although only at AN were 
they taken in appreciable numbers by June 28, 1967; post-
larvae were abundant at AN but most must have become 
juveniles before reaching BN. No white shrimp were taken at 
Biloxi prior to July 27, 1967 and those below 50 mm were 
always rare. Recruitment of small white shrimp at Marsh 
Island apparently peaked in late October, which is much 
later than usually reported, while white shrimp had virtu-
ally disappeared from Biloxi by then. 
INTERACTING FACTORS AFFECTING DISTRIBUTION 
Previous authors have correlated distribution of 
white shrimp with a diversity of factors (either singly or 
in combination). Some of these factors are water tempera-
ture, salinity, depth, and currents; seasonal advance; and 
shrimp size and sexual maturity. A few of the works in 
which correlations between one or more of the above factors 
may be found are: Tulian (1920); Viosca (1920); Weymouth, 
Lindner and Anderson (1933); Gunter (1950b); Lindner and 
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Anderson (1956); Pearse and Gunter (1957); Gunter (1961b); 
Loesch (1962); Gunter, Christmas and Killebrew (1964); and 
McCoy and Brown (1968). 
Spring run and salinity.—A considerable number of 
large white shrimp were taken in the low salinity water at 
Marsh Island in April and May, but none were taken then at 
Biloxi where salinity was about 9 to 13 ppt. The presence 
of these large shrimp in shallow water during spring is 
common on both sides of the Mississippi delta (Christmas and 
Gunter, 1965; Broom et al., 1966). Therefore, it seems 
likely their absence at Biloxi was due to the higher salini-
ties, since the other environmental factors recorded were 
similar at both areas. 
Recruitment and salinity.—Recruitment of the small 
juveniles appears to have been affected by high salinity. 
The salinity difference between Marsh Island and Biloxi was 
greatest in June. Juveniles as small as 30 to 35 mm were 
taken at Marsh Island in June but no white shrimp were taken 
then at Biloxi. Between the June and early August samples 
at Marsh Island, the salinity rose dramatically at AN and 
presumably throughout the western portion of Vermilion Bay. 
This was correlated with a near halt in recruitment of small 
juveniles at Marsh Island. During this same period salinity 
declined at Biloxi and recruitment occurred at all Biloxi 
stations, but these were mostly larger shrimp. By late 
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August Vermilion Bay was apparently freshening again; re-
cruitment of white shrimp as short as 30-mm accelerated at 
Marsh Island and the catch of "Penaeus spp." peaked. Tiny 
shrimp were at Marsh Island as late as November 29, 1967; 
the shortest ever taken at Biloxi was 40 mm, those under 
60 mm were rare, and only one shrimp was taken at Biloxi in 
November. From the preceding it appears that the very tiny 
white shrimp avoided the generally higher salinities at 
Biloxi. The postlarvae and smallest juveniles may have 
passed on landward to areas of lower salinity and then moved 
into the Biloxi area at a larger size. 
Seasonal abundance and salinity.—The peak of sea-
sonal abundance was markedly different at Biloxi and Marsh 
Island and well may be related to salinity. They were taken 
in largest numbers at Biloxi in July, August and September 
and at Marsh Island in late August (AN only), September, 
October and November. Figure 5 reveals salinities at both 
areas on these particular trips were mostly between 6 and 11 
ppt. Although this range includes salinity levels previ-
ously suggested as stopping recruitment of tiny juveniles at 
Marsh Island, it may be seasonal advance and lower tempera-
tures counteracted this effect by late August. In fact, 
higher salinities may be required later in the year; only 
one white shrimp was taken after salinities began to decline 
then. 
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Total catch.—Total catch may give another indica-
tion of the importance of salinity on distribution. Even 
excluding catch prior to June, the Marsh Island total catch 
was more than three times as great as that at Biloxi. How-
ever, total catch must be considered in relation to catch 
variability and apparent schooling movements. 
Catch variability and schooling.—Broom et al. (1966) 
stated that although brown shrimp were scattered uniformly 
throughout the areas where they were found at all, white 
shrimp were much more concentrated and might be present one 
day and absent the next. My total catch at a particular 
sample site on Day 1 and Day 2 did not seem to vary much 
more than it did for other species. However, in September 
at Biloxi, large white shrimp were abundant at IS on both 
Day 1 and Day 2. Exploratory trawling showed they were also 
abundant on both days in the lagoon immediately north of IS. 
Still, on Day 1 immediately after taking the IS sample, 
similar trawls were made in the channel leading eastward 
from IS lagoon, and in both of the next two lagoons to the 
east. These three trawls yielded but two white shrimp. 
In my limited supplementary trawling in Marsh Island 
semi-impounded marsh, white shrimp seemed to be more evenly 
distributed. The area sampled by Broom et al. (op. cit.) 
and the Biloxi area, were both of higher salinity. It may 
be that white shrimp schooling tendency increases with 
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higher salinity or with movement back toward the Gulf. 
The mobility of schooled white shrimp is apparently 
great. At times they congregate immediately behind the 
weirs. When using a cast net there, one may be catching 
none at all, and within 10 minutes at the same spot, catches 
may run over 100 shrimp per cast. After some time, the 
shrimp may again desert the area of the weir as suddenly as 
they appeared. These particular movements seem to be asso-
ciated with emigration back to the Gulf, but what triggers 
the movement to the weir or is the deciding factor or factors 
causing the shrimp to return to the semi-impounded marsh, or 
pass seaward over the weir (as they are known to eventually 
do), remains to be discovered. Current behind the weirs is 
seldom, if ever, great enough to carry the shrimp passively 
to the weir; it is an active movement of their own volition. 
About all that is presently known is that these movements do 
occur; are usually associated with an outgoing tide; and 
frequently accompany or precede passage of a cold front. 
AGE AND GROWTH 
Other writers generally agree that although most 
white shrimp die before reaching one year of age, some do 
live into their second year. There is less agreement con-
cerning the growth rate. 
Length-frequency.—Many estimates of growth rate of 
white shrimp have been made solely from monthly length-
frequency data. These are generally unreliable for the same 
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reasons given for brown shrimp, and may be even more subject 
to error because of the apparent schooling tendency of white 
shrimp. 
Tagging.—Some of the most reliable estimates of 
minimum growth rates were obtained through tagging by 
Lindner and Anderson (1956). Although they derived their 
estimates from tagging 100- to 180-mm shrimp, they believed 
white shrimp reached about 80 mm approximately 2 months 
after they are spawned. Using their growth line graph for 
the rapid growing season, a six-month old shrimp should be 
about 160 mm. Lindner and Anderson (1956) felt their pro-
cedures might have lowered the growth rate and that their 
results should be regarded as minimal in comparison with 
untagged shrimp. 
Earliest Recruitment.—Baxter and Renfro (1967) 
reported that no postlarval white shrimp were taken at the 
entrance to Galveston Bay before early May from 1960 through 
1963. Gunter and Edwards (1969) state that white shrimp, 
" . . . grow up to 150 mm in six months." Some of my shrimp 
reached 140 mm by late August and 150 mm by late September. 
If they arrived as postlarvae no earlier than reported by 
Baxter and Renfro (1967), their apparent growth rate was at 
least as fast as stated by Gunter and Edwards (op. cit.). 
Since the larger shrimp seem to emigrate first, many prob-
ably left the marsh before reaching these lengths; therefore, 
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actual growth rate may have been considerably greater than 
indicated. 
Temperature and season.—Lindner and Anderson (1956) 
believed that growth nearly ceased near the end of October, 
when the water temperature dropped to about 20 C. They also 
believed that spawning later than September probably was not 
effective. These beliefs were based on their work in open 
waters. 
Marsh water temperatures remained at or above 20 C 
(68 F) through most of October, 1967 but reached that level 
only for short periods in November (Fig. 4). Even so, shrimp 
in the marsh continued to grow through November and spawning 
in October must have been effective (Figs. 22 and 23). 
Unless 1967 were an unusual year, either Lindner and Ander-
son were mistaken, or once again the rules in the marsh are 
different. 
This study.—I will make no estimate of growth rate 
since it would have to be based on monthly samples. However, 
this study indicates previous estimates have not been too 
high. 
LENGTH-FREQUENCY CONFOUNDING 
Examples of what I believe were erroneous conclu-
sions reached because of sampling transients are given 
here. 
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Spring white shrimp catch 
Lindner and Anderson (1956) state, " . . . the sharp-
ness of the two December modes in Figure 39 is apparent and 
hence indicates two relatively short periods of successful 
spawning." The modes they wrote of represented the length-
frequency distribution of shrimp taken inshore from the 
5-fathom line and of those taken offshore from that line. 
Actually, the length-frequency distributions did not differ 
as sharply as they indicated. I believe their length-
frequency interpretation was confounded by forgetting they 
were working with transients. Their Figure 39 showed a mode 
at about 95 mm for those inside the 5-fathom line and one at 
about 160 mm for those outside the 5-fathom line with virtu-
ally no overlap between the two curves. But their Figure 40 
broke down their Figure 39 length-frequency distribution for 
those inside the 5-fathom line into two distribution curves, 
one for shrimp taken in the bay and the other for those 
taken offshore to a depth of 5 fathoms. The modes for these 
two curves respectively were: October, 105 and 145 mm; 
November, 100 and 120 mm; and December, 93 and 105 mm. Con-
sidering these modes, it seems obvious the shrimp were 
responding to several interacting factors at this period. 
This resulted in a distribution segregated according to size; 
by December the larger shrimp from this group had emigrated 
to deep water well beyond the 5-fathom line and modal size 
of those remaining had retracted to a 93 to 105 mm range. 
171 
Many factors besides size, such as seasonal advance, temper-
ature, salinity, and food preferences, may have influenced 
this distribution. Whatever the causative factors, I think 
the two widely separated modes for December, in their Figure 
39, indicate the interaction of various factors affecting 
distribution, not the occurrence of two relatively short 
periods of successful spawning. 
Weymouth, Lindner and Anderson (1933).—In discus-
sing their length-frequency graphs, Weymouth et al. (1933) 
observed that, "During the spring, in each sex a distribu-
tion of wide range without a sharp mode is converted into a 
compact group with little variation of size and a well 
marked mode." Also by June their figures showed a distinct 
difference of size range in males and females. In addition 
to the explanations they offered, recruitment into the 
commercial catch of shrimp rapidly emigrating from the marsh 
seems the most logical, and probably of greatest importance. 
The authors were apparently unaware that this emigration 
took place. Also, using percentage in each length class 
instead of actual number added to the confounding of their 
length-frequency interpretations. 
Gunter (1950b).—At the time Gunter (1950b) pub-
lished his work on Texas white shrimp he was apparently 
unaware of the extent to which they penetrated the marsh. 
He reported peak minnow seine catches along the bay 
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shoreline in June and again in October-November, with indi-
viduals less than 20 mm being taken only in June and 
October. He thought this suggested the possibility of two 
separated peaks of entry of small juveniles into inside 
waters. 
My Marsh Island figures show a succession of waves 
of small shrimp into the marsh. Gunter's June peak prob-
ably was the result of coincidentally sampling an early 
wave just as it passed into the marsh; his October-November 
peak was likely a result of the greatly increased abundance 
of shrimp in the bays at that time, and of the fact that as 
the season advances emigration from the marsh occurs at pro-
gressively smaller sizes. 
Gunter, by his own words, developed a set of ". . . 
complicated hypothetical movements . . ." in an attempt to 
explain the progression of his monthly length-frequency 
curves. He had particular difficulty explaining the origin 
of the large Copano Bay trawl catches in August following 
the low frequency of small shrimp in Copano Bay in the sum-
mer. Apparently emigration from the marsh to the Bay in 
August was the real cause for his high trawl catches then, 
rather than the movements he hypothesized. 
Perret's (1966) study.—Perret's 1964 catch of 
spring-spawned juveniles was high in September and October, 
but his November peak was more than three times higher. My 
otter trawl catch was highest in the same three months, but 
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peaked in October. This indicates Perret's peak November 
catch probably was composed largely of shrimp emigrating 
from the marsh. 
During the three months of peak catch in 1964 he 
took 2385 white shrimp. During the three months of peak 
catch at Marsh Island in 1967, I took 2,706. However, per 
unit of sampling effort, my catch was 3.7 times as great as 
Perret's. Additionally, 1964 was a better year for white 
shrimp production; commercial catch between the Mississippi 
River and Texas was 1.7 times as great in 1964 as 1967 
(Lyles, 1966, 1969). Even though commercial shrimping un-
doubtedly reduced Perret's catch, his catch necessarily 
included shrimp emigrating through the Bay from the marsh. 
Marsh production probably contributed more to the overall 
catch of white shrimp than did Bay production. 
Spawning.—Gunter (1950b) on the basis of his length-
frequency graph and catch rate, concluded that white shrimp 
grew fast enough to produce two generations a year. Al-
though I have indicated my belief Gunter misinterpreted some 
of his data, I think he was correct in concluding white 
shrimp have a very rapid growth rate. The shrimp taken in 
my study prove some unknown percentage of the spring spawned 
white shrimp reach 140 mm by late August. Weymouth et al. 
(1933) determined that male white shrimp spawn at lengths of 
130 to 170 mm; females at 135 to 190 mm. Therefore, con-
sidered only on the basis of size, some of the shrimp 
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spawned in early 1967 were themselves large enough to spawn 
by late August. Spawning in 1967 apparently continued into 
October; therefore, Gunter's hypothesis of two generations 
per year should not be dismissed lightly. 
LENGTH-WEIGHT RELATIONSHIP 
Monthly tests.—For Biloxi, only four monthly tests 
could be performed to detect differences in mean weight of 
white shrimp taken from semi-impounded and natural marsh, 
and in rate of gain. No significant differences in mean 
weight were found. In the only test on shrimp from Station 
2, the slope of the curve denoting rate of gain was signifi-
cantly greater for 2S than 2N. 
For Marsh Island, mean weight was significantly 
greater four times in semi-impounded marsh; once from 
natural marsh, and non-significant in three monthly tests. 
In three of the eight tests, slope of the "rate of gain" 
line was significantly greater for natural marsh shrimp. 
Pooled data.—Monthly data from each site were pooled 
and tested against the matching site. Mean weights at Marsh 
Island semi-impounded sites AS and BS were significantly 
heavier than those from the natural marsh (99% level). Mean 
weight differences were non-significant for Biloxi shrimp. 
Slope of the line denoting rate of gain was signifi-
cantly greater for Biloxi sites IN and 2N, and for AN at 
Marsh Island. I do not know whether this should be 
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interpreted literally. It could also mean that some larger 
and fatter shrimp originally from semi-impounded sites were 
taken in the natural marsh samples, thereby biasing upward 
the slope of the curve denoting rate of gain. 
EFFECTS OF SEMI-IMPOUNDMENT 
Semi-impoundment at Marsh Island resulted in heavier 
shrimp, for a given length, over the range of about 35 to 
135 mm. If it had a similar effect at Biloxi it was not de-
tectable statistically. It is noteworthy that commercial 
shrimpers consider Marsh Island a white shrimp area and 
Biloxi a brown shrimp area. 
From the length-frequency graphs, and the catch 
listing of "Penaeus spp." it seems semi-impoundment delays 
recruitment. Emigration from semi-impounded areas also 
seems to be delayed until the shrimp are of a larger size 
than their natural marsh counterparts. 
Tulian (1920) said white shrimp preferred waters 
bare of living vegetation. Loesch's (1962) and Weaver's 
(1969) catch rates were much higher in their unvegetated 
areas. I took half again as many white shrimp at AN as I 
did at AS, my only vegetated site, but the total weight 
taken at AS was three times as great. Similar results were 
obtained, however, at BN and BS and both were unvegetated. 
Also, in limited random sampling of Marsh Island semi-
impounded areas, I usually took more white shrimp from bare 
176 
or sparsely vegetated bottoms than from well vegetated areas 
immediately adjacent. Therefore, it seems that since semi-
impoundment tends to delay emigration until the shrimp reach 
a larger size, this effect rather than the presence of vege-
tation, was responsible for the greater weight being taken 
at AS. The data are still inconclusive, but semi-impoundment 
may be detrimental to white shrimp when it causes an extreme 
abundance of submergent vegetation. 
WHITE SHRIMP SUMMARY 
Recruitment of white shrimp in the marsh was a number 
of weeks later than commonly reported. Recruitment patterns 
varied markedly between Biloxi and Marsh Island. 
A number of correlations are shown between white 
shrimp size and distribution, and salinity. 
Previous growth rate estimates are probably conserva-
tive. October spawning was effective and growth in the 
marsh continued through November. Two generations a year 
are a possibility. 
Several examples are given from the literature show-
ing apparent misinterpretations of length-frequency data 
because of sampling transients. 
White shrimp from semi-impounded marsh were fatter 
than those from natural marsh at Marsh Island; similar dif-
ferences were not detected at Biloxi. The marsh is indicated 
to be the primary nursery area for white shrimp; the overall 
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effect of semi-impoundment may reduce its quality for this 
role if it causes an extreme growth of submergent vegeta-
tion. 
V. S U M M A R Y 
Many of the important Gulf of Mexico fishes and 
crustaceans are known to be estuarine-dependent, but the 
literature provides little information concerning their 
life histories in, and nursery use of, the marsh zone. The 
aims of this study were to determine this information for 
as many species as possible; to characterize physical con-
ditions in the marsh; to determine interrelations between 
environmental conditions, life histories and marsh usage; 
and to specifically determine the effect of semi-impoundment 
on marsh nursery use. 
Two general work areas were chosen in tidal marsh; 
one in southeastern (Biloxi area) and one in southcentral 
Louisiana (Marsh Island area). Two sets of paired sample 
sites were selected at each area; a weir separated the mem-
bers of each pair. The sites were sampled monthly between 
February 1, 1967 and February 10, 1968 with a surface and a 
bottom trawl; duplicate 400-meter trawls were made with each 
at every site. Salinity and turbidity samples were taken 
with each trawl; water level and temperature were monitored 
with constant recorders. 
PHYSICAL INFORMATION 
Water level fluctuations were greater at Marsh Island 
than at Biloxi, but the soil surface of the cordgrass marsh 
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was frequently flooded at both; at neither did low water 
prevent organisms from passing over the weirs for extended 
periods. Three of the four semi-impounded sites would have 
occasionally been drained but for the weirs. Minimum depths 
at which trawl samples were taken varied between 10 and 50 
inches. 
Water temperature and its fluctuation were very 
similar at both areas although the fluctuations were greater 
in the natural marsh at Marsh Island because of the greater 
water level fluctuations there. Maximum temperature recorded 
was 93 F and minimum was 34 F. 
Unlike temperature, salinity values and seasonal 
patterns were considerably different at the two areas. The 
lowest salinity (0.68 ppt) was recorded at Marsh Island and 
the highest (13.89 ppt) at Biloxi. From February through 
July 1967 salinities at the two areas were inversely corre-
lated; from August 1967 through January 1968 correlation was 
direct, but at all times Biloxi was the more saline area. 
Percent light transmittance stayed about 10% higher 
at Biloxi than at Marsh Island. This was probably an effect 
of the higher salinity at Biloxi. 
Semi-impoundment had a stabilizing effect on all the 
physical factors just discussed. Semi-impounded areas, com-
pared to their natural marsh counterparts, showed slower 
rates of change, and lesser amplitude, in fluctuations of 
water level, temperature, salinity and transparency; 
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transparency usually was greater in semi-impounded than in 
natural marsh. Semi-impoundment also stimulated growth of 
rooted vegetation, which in turn tended to increase water 
transparency. 
BIOLOGICAL INFORMATION 
Over 800,000 organisms, and at least 67 species, 
were collected in the trawls. For each species captured, 
Table 2 lists the total number of individuals taken, the 
number of samples it was taken in, and a breakdown of the 
catch by area, marsh type, and trawl type. Table 3 sum-
marizes the corresponding information on a total weight 
basis. 
The influence of habitat differences in determining 
relative species abundance was demonstrated at AS, the only 
vegetated sample site. Seven species at Marsh Island were 
taken almost exclusively at this site. 
A fish kill at Biloxi in June either annihilated 
most of the species present at IN, or forced them to emi-
grate. Apparently only fish capable of tolerating nearly 
anaerobic conditions survived. The kill provided a demon-
stration of organisms filling temporarily vacant niches only 
to retreat again as better adapted species reinvaded the 
area. 
Minor Species 
Comments are made in the text on 21 of the minor 
species, and judgments are made for 18 of these concerning 
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the overall effect of semi-impoundment on use of the marsh 
as a nursery. Frequently the effect was dependent on 
whether semi-impoundment stimulated vegetative growth. For 
the sake of brevity, these judgments are tabulated in Table 
6; two X's are used to show where the effect was greatest 
when two categories are marked. 
The blue crab, Callinectes sapidus, was included 
with the minor species because its analysis was barely be-
gun. Even so, it was obvious that at all sizes males were 
considerably more abundant than females. 
Major Species 
The data for seven major species are analyzed in 
the remainder of this work. Throughout this analysis life 
history information is presented; it is shown that semi-
impoundment does affect most of these species; and support 
is developed for the following hypotheses: 
1) juvenile fishes and shrimps respond, by emigra-
tion, to the interaction of seemingly minor 
changes in environmental factors, especially 
salinity. 
2) most previous workers using length-frequency data 
from open water samples have seriously under-
estimated natural growth rates during the first 
year of life, thereby causing much misinterpre-
tation of life history data. 
Table 6. Apparent overall semi-impoundment effect on use of the 
marsh as a nursery by some of the minor species 
Bagre marinus 
Bairdiella chrysura 
Cynoscion arenarius 
C. nebulosus 
Galeichthys felis 
Lagodon rhomboides 
Membras martinica 
Paralichthys lethostigma 
Sphoeroides parvus 
Symphurus plagiusa 
Lepomis macrochirus 
L. microlophus 
L. pun ct at us 
Menidia beryllina 
Microgobius gulosus 
Palaemonetes paludosus 
P. pugio 
Trinectes maculatus 
Increased 
With Without 
Vegetation Vegetation 
Decreased 
XX 
XX 
XX 
XX 
XX 
X 
X 
X 
X 
X 
X 
X 
With 
Vegetation 
X 
? 
X 
? 
X 
X 
? 
X 
Without 
Vegetation 
X 
? 
XX 
? 
X 
X 
X 
7 
X 
X 
no apparent effect 
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3) the marsh, not the open water estuarine area, is 
Louisiana's major nursery. 
Recruitment 
Compared to most other studies, recruitment of: 
1) Atlantic croaker, Micropogan undulatus, began 
and ceased at about the same time at Biloxi; 
began at the same time at Marsh Island but ceased 
much later. 
2) menhaden, Brevoortia patronus, started about the 
same.time but ended later. 
3) striped mullet, Mugil cephalus, started and 
ceased about the same time. 
4) brown shrimp, Penaeus aztecus, occurred during 
similar periods, but may have started much 
earlier. 
5) white shrimp, Penaeus setiferus (in significant 
numbers), started and stopped one to three months 
later. 
6) spot, Leiostomus xanthurus, occurred in the same 
seasons but over a shorter time span. 
7) bay anchovy, Anchoa mitchilli, could not be dated 
accurately. 
£• aztecus and L. xanthurus recruitment began at 
Marsh Island Station A before Station B, indicating recruits 
either entered through Southwest Pass or it takes them 
longer to travel around the east side of the island. 
184 
Interacting factors affecting distribution 
Though not always detailed in the text, changes in 
length-frequency and catch rate trends of the major species 
(especially M. undulatus) were analyzed in relation to con-
current environmental factors capable of stimulating 
emigration; the effects of changing susceptibility to cap-
ture, caused by growth of individuals in the population 
since the previous sample, were taken into account when 
analyzing each monthly length-frequency distribution. 
The M. undulatus length-frequency analysis summary 
is presented as the prime example in demonstrating that 
juveniles probably respond, by emigration, to the inter-
action of seemingly minor changes in environmental factors, 
and that it is primarily the larger individuals that 
emigrate at any particular time. 
At Biloxi, length-frequencies and catch rates of 
M- undulatus approximated a typical annual pattern except 
for the changes caused by the fish kill. Emigration was 
apparently stimulated by a combination of environmental fac-
tors, none of which was dominant. 
At Marsh Island, greater variability was present in 
the environmental factors influencing emigration, thereby 
resulting in greater deviations from typical length-
frequency patterns, but environmental factors fluctuated 
less in the semi-impounded than in the natural marsh. By 
noting which factors differed appreciably between the two 
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marsh types during a particular period, it was possible to 
show correlations between these factors and emigration. 
Early in the year M. undulatus emigration at Marsh 
Island was attributed to water level and temperature fluc-
tuations and lagoon drainage. Size and low salinity were 
closely correlated with emigration from April through 
August; through much of the year there was a direct corre-
lation between maximum fish length and minimum salinity. 
Environmental changes accompanying seasonal advance seemed 
to be the dominant stimulants to emigration after August. 
Intraspecific competition and pondweeds also influenced 
emigration. Flooding of the cordgrass marsh was associated 
with two instances of intense recruitment. Of all, size 
and salinity showed the closest correlation with emigration 
at Marsh Island. 
Graphs for the other species are only partially 
analyzed. Size, salinity, and their interaction are judged 
to have had an effect on the distribution of L. xanthurus, 
P_. aztecus and P_. setiferus, and are thought to have affected 
the distribution of all species, but evidence was insuffi-
cient to make additional judgments. 
Length-frequency confounding 
I believe the interpretation of juvenile length-
frequency distributions in many previous studies has been 
confounded by (1) capture of transients in the samples, 
(2) size-selectivity of the capture gear, (3) size-selective 
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mortality such as caused by fishing, and (4) immigration and 
emigration. These sources of confounding were either mini-
mal in this study, or appropriate compensations were made 
for them when interpreting my length-frequency graphs. 
From two to four examples are given from the litera-
ture of apparently erroneous conclusions concerning the life 
histories of M. undulatus, L. xanthurus, B. patronus, P. 
aztecus, and P. setiferus. Most of these examples are from 
frequently cited and accepted studies. Length-frequency 
confounding is given as the reason for the erroneous con-
clusions, and the sampling of transients as the primary 
cause of confounding. 
Sampling of transients and gear selectivity are 
believed to have confounded interpretation of A. mitchilli 
and M. cephalus length-frequencies obtained in this study. 
Growth rates 
Apparent growth rates indicated by juvenile length-
frequency distributions require compensation to approximate 
true growth rates; these compensations are made and explained 
for several species taken in this study. My estimates of 
modal standard length at one year of age in the Gulf are 200 
mm for M. undulatus and 180-200 mm for L. xanthurus. This 
indicates growth was much faster than most biologists have 
estimated. The estimates of 140, 155 and 167 mm at age 
groups I, II, and III for B. patronus (made by Suttkus and 
Sundararaj, 1961) are considered fairly reasonable, but more 
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comprehensive studies are needed. 
No growth rate estimate is given for A. mitchilli, 
JP. aztecus, and JP. setiferus because these organisms ap-
parently grow so fast, and are so mobile, that I believe 
estimates based on monthly samples cannot be trusted. 
However, compared to previous estimates, the evidence pre-
sented indicates growth rate is: much faster for the bay 
anchovy; the same or faster for brown shrimp; and at least 
as fast for white shrimp. 
Relatively static length-frequency distributions 
caused by immigration and emigration prevented any reliable 
estimate of M. cephalus growth rate. 
Effects of semi-impoundment 
Whenever the necessary criteria could be met, the 
length-weight relationship of a major species on one side 
of a weir was compared with its length-weight relationship 
on the other side. Statistically significant differences 
in mean weight, at a common mean length, were found far more 
often than is expected due to chance for all but one major 
species. When differences were found, the fish or shrimp 
were almost always fatter in the semi-impounded marsh. 
Significant differences in rate of gain were found 
in a number of instances; sometimes the rate was faster in 
natural marsh and sometimes in semi-impounded marsh. Since 
populations of significantly fatter organisms were almost 
never found in natural marsh, a faster rate of gain there 
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seems unreasonable. Usually there was a logical explanation 
indicating such rate of gain differences were apparent 
rather than real. 
No significant differences were found in mean weight 
tests of M. cephalus, but rate of gain in weight was signif-
icantly faster at one semi-impounded site. 
There was a tendency for semi-impoundment to delay 
initial recruitment of juvenile M. undulatus, L. xanthurus, 
P. aztecus and P. setiferus. This tendency was not ob-
served for B. patronus or M. cephalus and no decision could 
be made concerning A. mitchilli. 
Semi-impoundment also delayed emigration back to the 
Gulf until a larger size was reached by M. undulatus, L. 
xanthurus, P. aztecus. P.. setiferus, and probably B. 
patronus. No judgment was possible for A. mitchilli and 
M. cephalus. 
Marsh is most often semi-impounded to stimulate 
growth of rooted aquatics. If this happens, it will probably 
benefit M. undulatus. P.. aztecus, and possibly L. xanthurus; 
it will probably result in decreased production of B. 
patronus, A. mitchilli and possibly £. setiferus. 
Effects of the Biloxi fish kill were less noticeable 
in semi-impounded marsh for all major species present before 
the kill. 
Miscellaneous 
Primary nursery.—This study indicates the marsh, 
not the open water estuarine area, is Louisiana's primary 
nursery for Atlantic croaker, spot, menhaden, bay anchovy, 
brown and white shrimp. Comparative data were unavailable 
for striped mullet. 
Spawning age.—This study indicates Gulf of Mexico 
Atlantic croaker and spot spawn at one year of age. This 
is at least a year younger than estimated by most previous 
workers. One year old menhaden may also constitute a sig-
nificant portion of the spawning population. There is a 
strong possibility bay anchovies produce two generations 
per year in Louisiana waters. 
Brown shrimp.—A number of brown shrimp in this 
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study were taken slightly below the 0.80 ppt minimum 
salinity level given by Gunter et al. (1964) for northern 
Gulf catches. Also, it is hypothesized that brown shrimp 
postlarvae move into the marsh in the winter, grow during 
warm spells, and some begin emigration toward the Gulf at 
about the time Bay waters warm to 20 C. 
White shrimp.—White shrimp juveniles moving into 
the marsh in spring may seek the lower salinity areas. 
White shrimp are very mobile. Schooling tendency in the 
marsh may have been stronger at Biloxi, but was also defi-
nitely present at Marsh Island as the shrimp approached 
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sizes at which emigration to the Gulf occurs. October 
spawning was effective and growth continued through Novem-
ber in the marsh at Marsh Island. Two generations per year 
are a possibility. 
Open water rules.—The text gives a number of illus-
trations of "rules" developed from work in open water that 
failed to hold true in the marsh. 
VI. C O N C L U S I O N S 
This section presents my interpretation of the most 
important information from this study; therefore, statements 
herein are not necessarily established facts. 
Most of the information currently found in the liter-
ature for juveniles of estuarine-dependent species is based 
on open water studies. Work in the marsh now indicates some 
serious errors in previous beliefs concerning the life his-
tory of several species. Since many motile estuarine-
dependent organisms have similar life cycles, much of the 
previous work must be reevaluated. 
This study indicates recruitment periods in the 
marsh occur at about the same time as given in the litera-
ture for some species but may disagree radically for others. 
In 1967, recruitment of two species occurred earlier at 
Marsh Island Station A than at B; their major recruitment 
probably was through Southwest pass. 
In the past, juvenile growth rates of the major 
species analyzed in this study have been estimated primarily 
from length-frequencies of open water samples. As a result, 
these rates in the natural environment have been seriously 
underestimated. Growth rates of some of the fishes are much 
faster, and those of white and brown shrimp are at least as 
fast, or faster, than most studies have indicated. In the 
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Gulf, Atlantic croaker, spot and probably menhaden reach 
harvestable size and spawn at about one year of age. Under 
current fishing practices, success of the present year's 
fishery is largely dependent on adequate spawning success 
and biomass production during the previous year. 
Bay anchovies probably produce two generations 
annually and white shrimp may do the same, at least to a 
limited degree. 
Juveniles of all my major species seemed to show a 
response to minor variations in some environmental factors. 
Organisms probably have optimum levels for all environmental 
factors; these optimums and tolerance ranges would vary with 
the species and individual. When an environmental factor 
deviates from the optimum it probably creates a stimulus 
tending to cause the organism to seek the optimum level 
(emigrate). 
Optimum levels of all environmental factors for a 
species will almost never occur at the same point in time 
and space; therefore the reaction to the numerous stimuli 
is necessarily a compromise. I believe the situation is 
analogous to vector addition in physics, with stimuli re-
placing vectors. Each vector (stimulus) has its own 
magnitude and direction. In vector addition, one calculates 
the single vector (the resultant) which is equivalent in its 
action to two or more original vectors. This resultant will 
cause a "displacement" of the object acted upon equivalent 
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to the final displacement of the object if it had been acted 
upon successively by all the individual vectors. In the 
analogy, the resultant is analogous to the sum of all the 
stimuli tending to cause or prevent the organism from emi-
grating, and displacement is analogous to emigration. 
However, the analogy does not take into account biological 
variability within the species or individual. Also, the 
effects of the separate deviations from the optimum are 
probably modified by interactions between the various devi-
ating factors (e.g. size, salinity, temperature, and season). 
Therefore, an organism's location at any particular time is 
likely the result of a number of interacting stimuli, but 
this result can not be as precisely predicted as can the 
action of purely physical vectors. 
In this study, semi-impoundment modified environmen-
tal factors sufficiently to reduce the effect of the Biloxi 
fish kill on most species. On the average, organisms from 
behind the weirs were as fat, or fatter, than those from 
natural marsh so the environment was favorable to the indi-
viduals there. Semi-impoundment favors production of rooted 
aquatics, which in turn have major effects on faunal dis-
tribution. In this study, vegetation apparently improved 
the habitat for some important species and degraded it for 
others. 
Semi-impoundment tends to delay recruitment of 
organisms associated with the bottom, such as spot and 
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shrimp, but this tendency was not observed for species often 
associated with the surface, such as menhaden and bay ancho-
vies. 
Semi-impoundment also tends to delay emigration of 
bottom species, and perhaps of some species associated with 
the surface, until they are of a larger size. Much of 
Louisiana's shrimp fishery is in "inside" waters and two-
thirds of the industrial bottomfish catch is composed of 
Atlantic croaker and spot, nearly all less than 160 mm, and 
caught nearshore. It is of immediate benefit to these 
fisheries for the species they exploit to remain in the 
marsh until they reach a larger size. Therefore, semi-
impoundment is of direct short term benefit to the "inside" 
shrimper and the industrial bottomfish industry, even though 
its long term effect on the species is presently unknown. 
Minor species judged to have benefited from semi-
impoundment in this study were either freshwater or tiny 
brackish water organisms. 
The presence of a weir seldom completely excludes a 
species from semi-impounded areas unless there are long 
periods when water levels continuously fail to exceed weir 
crest level. The major effect of semi-impoundment on phy-
sical factors is to promote their relative stability. The 
biological effects are indirect and mediated through the 
stabilization of physical factors. Consequently, the long 
term effect of semi-impoundment is determined largely by 
the hydrological characteristics of the area. 
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Other studies have indicated that detritus from 
emergent marsh plants forms the base of many estuarine food 
webs, and my study strongly suggests the marsh receives more 
usage by my major species than the other segments of the 
estuarine zone. Thus, the land portion of the marsh is ap-
parently the most important segment for production of plant 
material for the base of the food webs, and the water 
portion is probably the site where the greatest proportion 
of this material is converted into animal biomass. There-
fore, although all sections of the estuarine zone are needed, 
and some use is undoubtedly made of all sections by all 
sizes of juveniles, where it exists the marsh is the most 
important section. Since most estuarine-dependent species 
spawned in the Gulf have similar life cycles, the majority 
of the immigrating young of many species probably proceed 
into the marsh as far as they can swim in a particular sec-
tion, or as far as competition and their minimum salinity 
tolerance allows. 
Contrary to the often expressed opinion that juve-
niles leave the nursery area as a more or less mass movement 
outward, I believe emigration usually occurs over an extended 
period. It is apparently a "bleeding off" process which 
involves primarily the larger individuals in the nursery at 
any particular time. Thus, although the fish culturist has 
only recently learned he must sometimes separate his size 
classes to prevent stunting in the smaller individuals (as 
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a result of excessive competition from the larger individ-
uals), nature apparently developed an automatic size grading 
system millions of years ago. 
Modern civilization and technology are the first 
real threats to the nursery role of the estuarine zone, 
including the marshes. Drainage, dredging, and filling are 
physically destroying some estuarine zones; pollutants are 
weakening or destroying the capacity of many estuarine areas 
to support life; and in a number of localities such things 
as channel construction and use of estuarine water to cool 
power plants are creating unfavorable changes in the environ-
mental factors affecting distribution of organisms. Fortu-
nately, the results of such practices are beginning to be 
obvious and the public is becoming aroused. There is hope 
such abuses of the estuarine zone may eventually stop. 
In my opinion, mariculture is a more insidious 
threat to the estuarine zone and estuarine-dependent fisher-
ies. It is insidious because most of its supporters 
honestly believe the extensive practice of mariculture, or 
"farming the sea," will increase the world's food supply, 
but actually mariculture of motile species would probably 
have the opposite effect. 
Estuaries have existed for countless centuries. 
Throughout this period, organisms have been evolving life 
patterns and responses to environmental factors that are of 
maximum advantage to the species. This has been an extremely 
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slow process, but it has brought forth a marvelously re-
silient system—one that has maintained productivity 
indefinitely with no need of assistance from man. The 
system has withstood and bounced back from every possible 
natural calamity so long as the estuarine zone was not 
itself destroyed. However, maintenance of the system is 
contingent upon the estuarine zone's remaining in a rela-
tively natural state that allows free movement of organisms 
and water within the system. 
Huge sums of public and private money are now being 
spent in an effort to "improve" upon this natural system by 
converting sections of the estuarine zone to culture of se-
lected motile species. To be feasible, the species cultured 
must be prevented from emigrating, and competition must be 
removed. Therefore, the section is lost to natural produc-
tion of all species. 
The species to be cultured have evolved life cycles 
attuned to the natural estuarine cycle. If unnaturally 
confined, I believe they will be put under stress, which 
will result in decreased production of their biomass unless 
the culturist puts additional energy into the system (e.g. 
adds food, heats the water, raises the salinity, etc.). By 
doing so, in sufficient quantity, he can undoubtedly harvest 
more biomass per acre than from a natural area, but he has 
not increased world food supply anymore than has the farmer 
who fattens his cattle in a feedlot. In both cases, it is 
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necessary to provide an outside energy supply that could 
have been used elsewhere for food production. Moreover, 
the mariculturist in the estuarine zone has used some of 
the world's most productive area for his "feedlot," and 
worst of all, has removed a strand in the web of areas used 
by many species during a portion of their life cycle. 
Extensive use of the estuarine zone for mariculture 
could destroy the world's most productive natural fisher-
ies—perhaps even the species involved—without replacing 
them with equal production. Probably even worse from the 
standpoint of famine, the mariculture system would not be 
resilient; it would be subject to massive outbreaks of 
disease and parasitism and would require years, and great 
expenditures of energy and resources, to recover from such 
natural disasters as hurricanes. 
In my opinion, allowing the estuarine zone to be 
used for mariculture in a manner that destroys its nursery 
role for wild species is folly. However, this is not to 
say we should make no attempt to manage the estuaries. The 
evolutionary process has resulted in adaptations in each 
species that are of greatest benefit to that species, but 
usually not to continuously high production of human food. 
From the fluctuations that now occur in annual harvest of 
estuarine-dependent species, it is obvious production of 
these species is influenced by largely unknown environmental 
factors. If we knew what these factors were we could proba-
bly manipulate many of them so as to maintain high production 
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of the desired species without totally disrupting the eco-
system (as is done by mariculture of motile species). With 
increased knowledge, management practices better than semi-
impoundment could undoubtedly be devised, but semi-
impoundment does prove the feasibility of the "natural" 
approach; at least 5% of Louisiana's tidal marsh has already 
been affected by this relatively simple and inexpensive form 
of management. 
For manipulation of the marsh environment to our 
maximum benefit we must learn a great deal more about the 
marsh ecosystem. In my opinion, the money presently being 
expended in attempts to "improve" on the natural system 
would benefit mankind more if it were spent to achieve a 
better understanding of the natural system. The workings 
of this system are every bit as intricate as a nervous 
system, and species in the system can respond to stimuli 
just as delicate. Their responses are too deeply ingrained 
to allow the organisms to be suddenly forced into unnatural 
life patterns without causing significant stress. 
I think we can obtain maximum benefit by working 
with nature, not by fighting it. First we must obtain an 
intimate understanding of the natural system. Then we 
should approach its manipulation with finesse rather than 
attempting to force the system into rigidly controlled, 
unnatural patterns. 
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A P P E N D I X A 
This appendix gives further details on the treiwling 
procedures used at Biloxi and Marsh Island. Minimum water 
depth, time, duration, and weather conditions were recorded 
for each trawl sample. Records pertaining to individual 
samples are tabulated in Appendix D. 
BILOXI 
A 16-foot flat-bottom boat with 40-horsepower out-
board motor was used at Biloxi. 
Surface Trawls.—The first complete set of monthly 
surface trawls was taken in February 1967. In use, the 
trawl was set to fish from the surface to six inches above 
the bottom. Starting at one stake, the trawl was pushed 
at full throttle in a straight line to the other stake. 
Otter Trawls.—Otter trawling was unsuccessful in 
February 1967 because the outboard prop wash picked ip 
large quantities of mud and organic debris. Followirg 
directly behind the boat, the trawl filled with this mate-
rial, sometimes before traveling 50 yards. 
In March 1967 a 45-foot rope was fastened between 
the trawl bridle and a pulley that rode a short line at-
tached to the boat transom corners. This method of attach-
ment allows good maneuverability of the boat (Chapoton, 
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1964). Otter trawls were made in zigzag fashion between the 
sample site stakes. Course of the boat was angled toward 
one shore of the lagoon, then the other, several times dur-
ing the run. The trawl followed in a sinuous path, the 
total length of which averaged about 460 meters. Course of 
the boat was altered when the trawl entered the propwash. 
Catches were dirty, but acceptable. 
Tests made after completing the April, Marsh Island 
samples indicated that increasing the towing speed would 
capture more organisms. Therefore, all remaining Biloxi 
otter trawls were made at full throttle. 
Trip number 13 was an exception to some of the pre-
ceding statements. This final group of samples was taken 
by two graduate students, James Weaver and Luther Holloway. 
They sampled my four sample sites as well as a similar one 
near each of the sites. These additional sites served as 
their duplicate, or "Day 2" sites. The only other important 
difference was their use of a "25-foot" otter trawl instead 
of the "16-foot" trawl I used; mesh size was about the same. 
MARSH ISLAND 
An airboat with 125-horsepower engine was used when 
working at Marsh Island because water depths were even less 
than at Biloxi. Use of the airboat at Biloxi also would 
have been preferable, but the difficulties of getting it 
back and forth between Marsh Island and Biloxi each month 
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made this impractical. The ease of marsh travel, and of 
trawling, with the airboat more than compensated for its 
limited work space, although initiation of monthly trawling 
was delayed by airboat mechanical failures. 
Surface Trawls.—Surface trawls were made in a 
straight line between the sample site stakes. The airboat 
was too powerful to use at full throttle, so the stopwatch 
was observed and trawling speed, although maintained at a 
fairly constant rate, was adjusted during the run so that 
duration was about the same as at Biloxi. 
Otter Trawls.—Otter trawls were also made in a 
straight line between the stakes. The propeller guard pre-
vented access to the airboat stern, so the trawl bridle was 
attached near the middle of the keel to a bridle from the 
bow. This allowed boat maneuverability. Trawling speed was 
again adjusted to approximate that maintained during Biloxi 
otter trawls. The trawl followed about 60 feet behind the 
airboat; the propeller blast disturbed the water surface, 
but not the bottom, and catches were relatively free of 
debris. 
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A P P E N D I X B 
This appendix details the procedures used in sub-
sampling, both for species counts and for length-frequency 
determinations. 
SPECIES COUNT SUBSAMPLING 
Trawl samples were sorted and counted in their 
entirety, with the following two general exceptions. 
Exception 1.—Surface trawl samples AN-2, BN-1, 
BN-2, BS-1 and BS-2 from Trip 3 and AN-2, AS-1, and BN-1 
from Trip 4 were subsampled in a subsampler of my own de-
sign (the numerals in the sample labels denote either Day 1 
or Day 2). This device, shown in Figure 26, would accommo-
date my most voluminous samples, which contained up to four 
gallons of organisms. Inside the cut off 55-gallon drum, a 
5-gallon pail was fastened to the center of a false floor 
placed about a foot above the bottom of the drum. To sub-
sample, an entire unsorted sample was placed on the false 
floor between the drum wall and the exterior of the pail. 
Water was run into the barrel through a valve below the 
false floor. When the water rose above the false floor, 
additional water was squirted full force onto the upper sur-
face of the floor (from a hose held at an angle) causing the 
water in the barrel to swirl rapidly. The sample was 
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Figure 26. The large subsampler. 
Figure 27. The plexiglas subsampler. 
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retained in the path between the barrel and pail. After the 
organisms were thoroughly mixed by the swirling, turbulent 
water, a baffled shaft was raised, automatically dividing 
the sample into five approximately equal portions. One por-
tion was removed for the subsample; this and the remainder 
were allowed to drip dry in a humidity chamber for about an 
hour. Both were then weighed, and the subsample was com-
pletely sorted and counted. Results for the entire sample 
were subsequently computed based on the ratio between the 
weight of the subsample and the remainder of the sample. 
Exception 2.—The foregoing method is relatively 
accurate for species common in a sample, but gives erratic 
results for rare species. Therefore, after the excess from 
the preceding samples had already been discarded, I decided 
on complete counts for the rest of the samples. However, 
most samples taken at Biloxi in September, October, and 
November contained so many Anchoa mitchilli that complete 
counts for this species were impractical. Complete counts 
of all species were made of the relatively small samples 
taken at 1S-1 in all three months and at 2N-2 and 2S-2 in 
November. The remaining Biloxi samples for these three 
months were first separated to species and complete counts 
made on all species except A. mitchilli. A. mitchilli was 
then subsampled, and the total number estimated, in the 
manner described in the preceding paragraph. 
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LENGTH-FREQUENCY SUBSAMPLING 
For length-frequency subsamples I used the large 
subsampler described in the previous section, a smaller one 
I made of plexiglas, or both. The plexiglas subsampler, 
shown in Figure 27, was easier to use, but would not accommo-
date large volume samples. 
In a single subsample approximately 0.2, 0.4, 0.6, 
or 0.8 of the total sample could be obtained at will. Since 
the total number of a species in a particular sample was 
known, any fraction of this number could be approximat ed by 
sequentially subsampling the subsamples. Figures 28 and 29 
show the relative accuracy of length-frequency subsamples 
obtained. Operation of the subsamplers, and the procedure 
for taking the subsamples, are outlined in the explanations 
for the figures. 
Figure 28. Length-frequency distribution of 3,371 
anchovies and of 5 subsamples taken from 
the total 3,371. 
The subsamples were made by mixing all 3,371 
anchovies in the large subsampler and then raising the 
baffles. This divided the subsampler into five approxi-
mately equal compartments. The subsampler contained two 
doors. Each door served to drain the contents of one 
compartment (about 0.2 of the fish), which were removed 
and placed in the plexiglas subsampler; these fish were 
again mixed, and the baffles were raised, dividing this 
subsampler into five approximately equal compartments. 
The fish in the two compartments with doors (about 0.4 
of those in the plexiglas subsampler) were drained out 
and set aside. The tops of the baffles were lowered to 
the level of the false floor and the remaining fish were 
drained through the doors. The 0.4 portion was then 
placed back in the subsampler, mixed, and the baffles 
were raised. Again the contents of two compartments 
were drained out. This was the subsample for length-
frequency determination. 
The theoretical number obtained in a subsample 
was 3,371 x 0.2 x 0.4 x 0.4 = 108. All five subsamples 
contained somewhat more than this, probably because the 
subsampler compartments were not exactly equal in size. 
Fortunately, exceeding the theoretical number of the 
subsample actually improved the probability of obtain-
ing an accurate length-frequency determination. 
After a subsample was measured, all 3,371 
anchovies were placed back in the large subsampler and 
the entire process was repeated for the next subsample. 
Number in subsample; 
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3,371 (total) 
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Figure 29. Length-frequency distribution of 1,221 men-
haden and of 5 subsamples taken from the 
total 1,221. 
Because of the large volume and size of the 
fish, the subsamples were made using only the large 
subsampler. The subsampler was operated in the manner 
detailed in the explanation for Figure 28. First a 
group of about 0.4 of the total was removed. These 
were remixed in the subsampler and about 0.2 of these 
were removed as the subsample for length-frequency de-
termination. 
The theoretical number in the subsample was 
1,221 x 0.4 x 0.2 = 98. Four of the five subsamples 
exceeded this number, and the fifth was only 8% below 
the theoretical number. 
After a subsample was measured, all 1,221 men-
haden were returned to the subsampler. The entire 
process was then repeated for the next subsample. 
Number in subsample: 
90 
116 
Standard length in millimeters 
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This appendix presents the results of a series of 
tests to determine the precision of weights obtained with 
the spin-dry method. These tests were made before the pro-
cedure was adopted. 
Each group in Table 7 represents a series of weigh-
ings with the same specimen(s). Results are presented in 
the same sequence as the weighings were made. 
Unless otherwise noted, all soaking was in water. 
Soaking time before "first spins" was variable, but lengthy. 
The abdominal cavity was not slit for any of these tests; 
therefore abdominal alcohol was probably exchanged for water, 
by osmosis, for some time during a test with the larger 
fishes unless exchange was complete before the test began. 
Continued exchange of alcohol for water, once the test 
began, would cause an apparent weight gain as the test 
progressed. 
Except for blue crabs, most of the variability in 
weight is slight and can be explained as due to: 
1. progressive water loss with successive spins. 
2. Continued exchange of alcohol for water during 
the test. 
3. Changes in duration of spin. 
This variability is assumed to have been eliminated by: 
1. Slitting the abdomen of all fish over 7 cm in 
length. 
2. Soaking all specimens in water for at least 30 
minutes. 
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Table 7. Spin-dry weights from a series of tests to deter-
mine the precision of the washing machine method 
of weighing preserved fishes and crustaceans 
Soaked since 
last spin 
Minutes 
spun 
12 blue crabs 
First spin 
1 minute 
II 
" 
II 
II 
12 hours 
1 minute 
6.0 
8 brown shrimp 
First spin 
1 minute 
II 
ti 
II 
II 
12 hours 
1 minute 
5 
First spin 
1 minute 
n 
II 
H 
II 
12 hours 
1 minute 
6.0 
sole 
6.0 
Gramsa 
b15.95 
b14.90 
b13.88 
b14.04 
13.44 
13.48 
13.25 
12.96 
b29.29 
b28.96 
b28.69 
b28.22 
28.58 
28.29 
28.68 
28.56 
b5.80 
b5.78 
b5.78 
b5.76 
5.78 
5.77 
5.82 
5.79 
Soaked since 
last spin 
1 white 
First spin 
1 minute 
II 
II 
II 
II 
12 hours 
1 minute 
10 Atlant 
First spin 
1 minute 
n 
n 
•I 
n 
12 hours 
1 minute 
Minutes 
spun 
shrimp 
6.0 
n 
•I 
•I 
n 
n 
n 
II 
ic croak 
6.0 
ti 
ii 
II 
II 
H 
II 
•I 
1 flounder 
First spin 
1 minute 
II 
H 
n 
II 
12 hours 
1 minute 
6.0 
II 
H 
II 
n 
II 
" 
II 
Gramsa 
b1.44 
b1.44 
b1.42 
b1.43 
1.42 
1.44 
1.42 
1.44 
ar 
b5.70 
b5.68 
b5.62 
b5.60 
5.68 
5.69 
5.70 
5.70 
b93.74 
b93.46 
b93.20 
b93.27 
95.93 
96.00 
99.10 
98.07 
Table 7 (continued) 
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Soaked since Minutes 
last spir 
2 
First spin 
1 minute 
n 
n 
II 
•I 
12 hours 
1 minute 
Many 3-
First spin 
1 minute 
•I 
H 
II 
II 
II 
n 
H 
II 
•I 
•i 
i spun 
anchovies 
inch 
About 6700 
First spin 
10 minutes 
n 
•1 
30 minutes 
ii 
II 
11 hours 
18 hours 
6.0 
•1 
II 
II 
II 
II 
H 
•1 
Gramsa 
b0.94 
b0.90 
b0.90 
b0.89 
0.90 
0.93 
0.94 
0.92 
menhaden 
6.0 
n 
•I 
3.6 
•I 
•I 
2.4 
•I 
II 
1.2 
II 
II 
176.66 
175.12 
174.78 
176.24 
177.18 
177.29 
179.07 
179.05 
179.40 
180.87 
180.81 
181.50 
anchovies 
3.6 
2.4 
n 
II 
3.6 
4.8 
II 
II 
II 
659 
677 
667 
662 
651 
651 
647 
661 
664 
Soaked since Minutes 
last spin 
About 1800 
First spin 
1 i minute 
n 
II 
ii 
a 
n 
II 
II 
H 
II 
n 
spun Gramsa 
anchovies 
6.0 
3.6 
2.4 
1.2 
175.82 
175.06 
175.39 
177.30 
177.13 
176.49 
178.73 
178.03 
177.16 
179.60 
179.56 
180.18 
Many 3-inch mullet 
First spin 
1 minute 
•• 
II 
II 
•• 
II 
II 
ti 
II 
II 
II 
About 3500 
First spin 
10 
30 
11 
18 
minutes 
II 
II 
minutes 
II 
II 
hours 
hours 
6.0 
3.6 
2.4 
1-2 
anchovi 
3.6 
2.4 
it 
II 
3.6 
4.8 
ti 
II 
II 
177.55 
177.71 
177.46 
178.66 
178.98 
179.10 
180.20 
180.40 
180.56 
181.29 
182.05 
182.30 
es 
347 
348 
346 
345 
341 
341 
342 
345 
349 
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Table 7 (continued) 
Soaked since 
last spin 
Many 3-
First spin 
10 minutes 
II 
II 
30 minutes 
ti 
n 
11 hours 
18 hours 
6329 
First spinc 
30 minutes 
9 hours 
24 hours 
Minutes 
spun Gramsa 
inch mullet 
3.6 
2.4 
II 
II 
3.6 
4.8 
H 
II 
•1 
anchovies 
4.8 
ti 
n 
ii 
424 
423 
422 
420 
418 
419 
418 
422 
422 
1208 
1217 
1229 
1234 
77 Atlantic croaker 
First spinc 
30 minutes 
9 hours 
24 hours 
18 
First spinc 
30 minutes 
9 hours 
24 hours 
4.8 
II 
II 
it 
mullet 
4.8 
H 
ii 
•I 
270 
275 
277 
278 
577 
579 
586 
593 
Soaked since 
last spin 
Minut es 
spim Gramsa 
Many 3-inch menhaden 
First spin 
10 minutes 
II 
•1 
30 minutes 
II 
II 
11 hours 
18 hours 
48 
First spinc 
30 minutes 
9 hours 
24 hours 
141 
First spinc 
30 minutes 
9 hours 
24 hours 
3.6 
2.4 
ti 
II 
3.-5 
4.3 
II 
•I 
ti 
shrimp 
4.8 
n 
•I 
it 
spot 
4.8 
ti 
it 
it 
876 menhaden 
First spinc 
30 minutes 
9 hours 
24 hours 
4.8 
it 
it 
II 
450 
446 
441 
438 
433 
433 
430 
442 
442 
77 
77 
77 
78 
764 
769 
775 
779 
565 
573 
576 
573 
aWeights given to two decimal places were obtained 
on the Torsion balance; the Pennsylvania scale was used for 
others. 
Spray rinse was not used, so extra weight loss may 
have occurred from evaporation. 
cThese organisms were retained in 40-percent isopro-
panol until the first spin and the spray rinse fcr that spin 
was 40-percent isopropanol instead of water. Succeeding 
soaks were in flowing water. The larger fishes probably 
show more progressive weight change than those in the text 
because their abdomens were not slit; therefore, it took 
some time for their abdominal alcohol to be exchanged for 
water. 
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3. Adopting a standard spin time of 6.5 minutes. 
4. Using the spray rinse and polyurethane foam to 
maintain high humidity. 
Variability in preserved blue crab weights was much 
greater than for the other species, probably because of the 
tendency for free water to be retained inside the shell 
while spinning. Therefore, after these tests, I did not 
weigh crabs. 
224 
Table 8. Minimum water depth, as read from the gage 
stake, at each Marsh Island sample site when 
a trawl sample was taken 
Tra 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
.p Date 
1967 
2/1 
3/4,5,9 
4/6-8 
5/2,3 
5/31-6/2 
6/28-7/1 
8/2-4 
8/29-31 
9/28-30 
10/25-28 
11/28-12/2 
1968 
1/4-6 
2/3,4 
Day 
1 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
Surface 
AN 
21 
20 
15 
19 
23 
30 
23 
36 
31 
22 
22 
20 
27 
16 
21 
21 
24 
10 
26 
16 
17 
12 
22 
14 
22 
AS 
trawl 
BN 
Inches 
28 
28 
27 
28 
28 
42 
36 
36 
36 
28 
28 
29 
28 
31 
31 
31 
30 
26 
32 
27 
33 
31 
31 
28 
29 
30 
18 
30 
24 
39 
28 
39 
33 
38 
29 
27 
35 
25 
36 
33 
34 
27 
33 
35 
22 
33 
35 
31 
30 
BS 
30 
30 
34 
33 
45 
39 
42 
39 
34 
35 
35 
35 
35 
36 
36 
35 
36 
34 
35 
36 
34 
36 
32 
33 
AN 
21 
20 
13 
19 
22 
30 
23 
36 
26 
22 
22 
18 
27 
14 
22 
21 
24 
10 
25 
19 
17 
12 
22 
15 
21 
Otter 
AS 
trawl 
BN 
Inches 
28 
28 
27 
28 
28 
42 
36 
38 
37 
28 
28 
29 
28 
31 
28 
31 
30 
32 
32 
27 
33 
31 
28 
29 
27 
16 
28 
25 
40 
27 
39 
37 
40 
34 
27 
35 
24 
36 
33 
34 
27 
33 
28 
21 
35 
32 
30 
BS 
30 
30 
34 
33 
44 
39 
39 
34 
35 
35 
35 
35 
36 
36 
35 
36 
34 
35 
36 
34 
36 
32 
33 
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Table 9. Minimum water depth, as read from the gage stake, 
at each Biloxi sample site when a trawl sample 
was taken 
Tri 
66 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
.p Date 
1966 
11/25,26 
1967 
2/25,26 
3/23-25 
4/22,23 
5/22,23 
6/21,22 
7/27,28 
8/24-26 
9/22-24 
10/21,22 
11/16-18 
12/19-21 
1968 
1/22,23 
a2/10,ll 
Day 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
Surface 
IN 
24 
18 
28 
24 
32 
34 
36 
40 
37 
39 
30 
28 
39 
42 
41 
40 
32 
30 
33 
30 
27 
26 
27 
28 
12 
18 
IS 
trawl 
2N 
Inches 
31 
30 
32 
32 
34 
32 
34 
37 
39 
38 
32 
32 
39 
42 
41 
40 
33 
35 
36 
37 
39 
39 
32 
33 
30 
18 
36 
33 
36 
33 
34 
34 
40 
38 
44 
36 
48 
41 
38 
38 
49 
49 
49 
50 
30 
43 
39 
40 
41 
48 
39 
30 
18 
13 
2S 
35 
32 
30 
28 
34 
30 
28 
31 
32 
36 
34 
28 
27 
38 
37 
37 
37 
29 
32 
34 
33 
35 
36 
27 
30 
20 
24 
IN 
28 
24 
31 
34 
36 
40 
37 
39 
31 
28 
39 
42 
40 
40 
32 
27 
33 
30 
27 
26 
27 
38 
12 
18 
Otter 
IS 
trawl 
2N 
Inches 
32 
32 
34 
32 
34 
37 
39 
38 
32 
32 
39 
42 
40 
40 
33 
35 
36 
37 
39 
39 
32 
33 
30 
18 
32 
32 
34 
34 
40 
38 
44 
36 
48 
43 
38 
38 
49 
49 
49 
50 
30 
42 
39 
40 
41 
48 
39 
30 
18 
13 
2S 
34 
35 
28 
34 
30 
28 
31 
32 
36 
34 
28 
27 
38 
37 
37 
37 
29 
32 
34 
33 
35 
36 
27 
30 
20 
24 
sites. 
Trip by Weaver and Hollowayj includes 4 new sample 
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Table 10. Compensated water temperature' 
Marsh Island trawl sample was 
Tri 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
.p Date 
1967 
2/1 
3/4,5&9 
4/6-8 
5/2,3 
5/31-6/2 
6/28-7/1 
8/2-4 
8/29-31 
9/28-30 
10/25-28 
11/28-12/2 
1968 
1/4-6 
2/3,4 
Day 
1 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
Surface trawl 
AN AS BN BS 
Deqrees Fahrenheit 
56.4 58.5 
61.6 
81.0 
73.8 
74.8 
68.7 
81.0 
83.0 
92.2 
89.2 
91.2 
85.1 
89.2 
85.1 
70.8 
65.6 
74.8 
68.7 
55.4 
71.8 
58.5 
50.3 
50.3 
55.4 
74.8 
58.5 
81.0 
78.9 
76.9 
64.6 
81.0 
83.0 
84.0 
85.1 
92.2 
85.1 
85.1 
82.0 
66.7 
66.7 
66.7 
72.8 
56.4 
68.7 
58.5 
50.3 
52.4 
53.4 
72.8 
69.7 
75.9 
80.0 
78.9 
66.7 
77.9 
81.0 
86.1 
90.2 
89.2 
86.1 
89.2 
84.0 
60.5 
66.7 
72.8 
62.6 
64.6 
68.7 
50.3 
55.4 
58.5 
50.3 
69.7 
72.8 
76.9 
76.9 
77.9 
64.6 
77.9 
78.9 
86.1 
88.1 
89.2 
87.1 
88.1 
84.0 
68.7 
65.6 
72.8 
65.6 
61.6 
67.7 
50.3 
56.4 
56.4 
52.4 
at the time each 
taken 
Otter 
AN AS 
trawl 
BN BS 
Deqrees Fahrenheit 
56.4 58.5 
60.5 
82.0 
75.9 
77.9 
68.7 
82.0 
74.8 
91.2 
89.2 
90.2 
86.1 
89.2 
78.9 
70.8 
64.6 
73.8 
70.8 
56.4 
71.8 
58.5 
50.3 
48.3 
56.4 
74.8 
60.5 
81.0 
78.9 
77.9 
68.7 
82.0 
74.8 
84.0 
88.1 
93.2 
85.1 
86.1 
81.0 
66.7 
66.7 
68.7 
72.8 
56.4 
70.8 
50.3 
50.3 
53.4 
53.4 
73.8 
69.7 
77.9 
81.0 
76.9 
66.7 
78.9 
80.0 
87.1 
89.2 
89.2 
86.1 
89.2 
84.0 
60.5 
65.6 
72.8 
64.6 
66.7 
68.7 
50.3 
55.4 
57.5 
51.3 
—— 
76.9 
77.9 
77.9 
64.6 
78.9 
80.0 
87.1 
89.2 
91.2 
88.1 
89.2 
85.1 
68.7 
64.6 
72.8 
66.7 
60.5 
67.7 
50.3 
56.4 
56.4 
52.4 
temperatures were read to the nearest whole degree. 
The thermometer registered 2 degrees high at freezing but 
correct at boiling. The compensated values are given to one 
decimal place to avoid a second error from rounding. 
227 
Table 11. Compensated water temperature3 at the time each 
Biloxi trawl sample was taken 
Surface trawl Otter trawl 
Trip Date Day IN IS 2N 2S IN IS 2N 2S 
1966 
66 11/25,26 
1967 
1 2/25,26 
2 3/23-25 
3 4/22,23 
4 5/22,23 
5 6/21,22 
6 7/27,28 
7 8/24-26 
8 9/22-24 
9 10/21,22 
10 11/16-18 
11 12/19-21 
1968 
12 1/22,23 
Degrees Fahrenheit 
1 66.7 69.7 
2 66.7 
1 46.2 50.3 — 52.4 
2 52.4 52.4 48.3 52.4 
1 72.8 72.8 70.8 70.8 
2 71.8 71.8 67.7 68.7 
1 77.9 83.0 83.0 83.0 
2 83.0 83.0 78.9 80.0 
1 70.8 72.8 70.8 70.8 
2 72.8 70.8 68.7 70.8 
1 85.1 89.2 86.1 87.1 
2 87.1 89.2 86.1 89.2 
1 85.1 90.2 91.2 91.2 
2 91.2 93.2 89.2 91.2 
1 83.0 83.0 81.0 81.0 
2 78.9 80.0 81.0 83.0 
1 81.0 82.0 78.9 77.9 
2 82.0 81.0 78.9 77.9 
1 65.6 67.7 69.7 67.7 
2 68.7 66.7 66.7 66.7 
1 62.6 61.6 61.6 60.5 
2 64.6 61.6 62.6 62.6 
1 73.8 73.8 74.8 74.8 
2 73.8 72.8 72.8 72.8 
1 55.4 55.4 57.5 56.4 
2 60.5 59.5 57.5 58.5 
Degrees Fahrenheit 
66.7 68.7 
69.7 
72.8 72.8 70.8 70.8 
71.8 70.8 68.7 69.7 
80.0 83.0 — 83.0 
83.0 83.0 78.9 82.0 
70.8 72.8 70.8 70.8 
72.8 72.8 68.7 70.8 
87.1 89.2 86.1 88.1 
87.1 89.2 87.1 90.2 
87.1 91.2 90.2 91.2 
91.2 91.2 89.2 91.2 
82.0 83.0 82.0 80.0 
77.9 80.0 82.0 82.0 
82.0 83.0 81.0 77.9 
82.0 — 78.9 77.9 
65.6 67.7 68.7 68.7 
69.7 67.7 66.7 66.7 
61.6 62.6 61.6 60.5 
64.6 63.6 62.6 62.6 
73.8 73.8 74.8 74.8 
73.8 72.8 72.8 72.8 
56.4 56.4 57.5 57.5 
59.5 59.5 58.5 58.5 
Temperatures were read to the nearest whole degree. 
The thermometer registered 2 degrees high at freezing but cor-
rect at boiling. The compensated values are given to one 
decimal place to avoid a second error from rounding. 
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Table 12. Salinity, in parts per thousand, when each Marsh 
Island trawl sample was taken 
Tri 
66 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
.p Date 
1966 
8/19-21 
Day 
1 
Surface trawl 
AN AS 
Parts per 
2.10 1.72 
9/20 (No trawls) 
1967 
2/1 
3/4,5&9 
4/6-8 
5/2,3 
5/31-6/2 
6/28-7/1 
8/2-4 
8/29-31 
9/28-30 
10/25-28 
11/28-12/2 
1968 
1/4-6 
2/3,4 
1 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
4.29 
3.47 
3.38 
0.81 
1.61 
0.94 
1.69 
2.17 
2.14 
12.36 
9.08 
6.34 
6.43 
6.77 
6.58 
8.90 
9.09 
9.03 
8.52 
5.21 
5.35 
4.94 
4.76 
4.54 
4.58 
4.86 
4.86 
1.43 
1.81 
1.76 
1.71 
2.01 
2.07 
3.04 
3.10 
3.62 
3.72 
5.89 
5.99 
6.54 
6.59 
7.96 
7.87 
4.88 
4.88 
4.85 
4.90 
BN BS 
thousand 
1.91 1.77 
3.74 
3.90 
3.99 
3.52 
3.52 
0.78 
1.12 
1.94 
1.84 
2.14 
1.88 
2.80 
2.92 
4.31 
4.35 
6.48 
6.29 
8.25 
8.07 
8.15 
7.91 
4.27 
4.41 
3.83 
3.79 
3.32 
4.37 
4.33 
3.57 
3.57 
1.19 
1.29 
1.77 
1.73 
1.60 
1.62 
2.60 
2.61 
3.86 
3.91 
6.38 
6.29 
8.17 
8.12 
8.01 
7.96 
4.83 
4.55 
4.02 
3.92 
Otter 
AN AS 
Parts per 
6.13 
4.20 
4.58 
3.47 
3.47 
0.86 
1.49 
1.54 
1.52 
2.15 
1.97 
12.02 
9.18 
6.24 
6.48 
6.77 
6.58 
8.99 
9.09 
9.08 
8.52 
5.25 
5.35 
4.99 
4.71 
4.97 
3.95 
4.86 
4.86 
1.85 
1.82 
1.74 
1.68 
2.02 
2.07 
3.05 
3.08 
3.62 
3.81 
5.89 
6.04 
6.59 
6.59 
7.96 
7.87 
4.93 
5.02 
4.90 
4.94 
trawl 
BN BS 
thousand 
4.07 
3.99 
3.52 
3.57 
0.68 
1.08 
1.92 
1.84 
2.11 
1.89 
2.79 
2.95 
4.40 
4.35 
6.48 
6.30 
8.21 
8.17 
8.15 
7.96 
4.23 
4.41 
3.83 
3.83 
4.29 
3.57 
3.57 
1.29 
1.41 
1.81 
1.83 
1.60 
1.60 
2.59 
2.61 
3.91 
3.96 
6.38 
6.38 
8.25 
8.17 
8.05 
7.91 
4.71 
4.60 
3.97 
3.97 
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Table 13. Salinity, in parts per thousand, when each 
routine Biloxi trawl sample was taken 
Surface trawl 
Trip Date Day IN IS 2N 2S 
Otter trawl 
IN IS 2N 2S 
Parts per thousand Parts per thousand 
66 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1966 
1 1 / 2 5 , 2 6 
1967 
2 / 2 5 , 2 6 
3 / 2 3 - 2 5 
4 / 2 2 , 2 3 
5 / 2 2 , 2 3 
6 / 2 1 , 2 2 
7 / 2 7 , 2 8 
8 / 2 4 - 2 6 
9 /22 -24 
1 0 / 2 1 , 2 2 
1 1 / 1 6 - 1 8 
1 2 / 1 9 - 2 1 
1968 
1 / 2 2 , 2 3 
1 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
7 . 6 8 
8 . 0 8 
8 . 8 0 
9 .82 
1 0 . 1 6 
1 1 . 0 6 
1 1 . 2 3 
1 3 . 5 2 
1 1 . 6 7 
1 2 . 0 3 
1 2 . 2 2 
1 0 . 1 0 
1 0 . 5 1 
1 1 . 9 5 
1 0 . 8 8 
1 0 . 2 2 
1 0 . 4 5 
1 2 . 9 7 
1 2 . 8 3 
1 1 . 3 6 
11 .45 
1 0 . 4 3 
10 .62 
9 . 6 5 
9 . 5 9 
6 . 1 3 
6 .97 
7 . 0 1 
8 . 7 9 
8 . 7 9 
9 .23 
9 .23 
1 1 . 1 9 
1 1 . 3 8 
1 1 . 6 4 
1 1 . 6 9 
8 . 8 9 
1 0 . 5 9 
9 .80 
9 . 4 4 
9 . 4 9 
1 2 . 7 4 
12 .78 
10 .25 
10 .34 
9 .36 
9 .26 
8 . 7 0 
8 . 8 9 
1 1 . 6 3 
8 .25 
10.67 
10 .67 
10 .80 
10 .25 
13 .13 
12 .06 
12 .46 
11 .78 
1 0 . 5 1 
1 0 . 4 1 
11 .37 
10 .75 
11 .00 
11 .19 
13 .47 
13 .89 
11 .50 
11 .73 
10 .34 
10 .62 
9 .08 
9 .36 
10 .43 
7 .48 
7 . 6 1 
9 .43 
9 .39 
9 .10 
9 .10 
11 .67 
1 1 . 6 3 
11 .25 
11 .35 
9 .09 
9 .15 
9 . 7 1 
9 .32 
10 .95 
1 1 . 0 4 
13 .06 
1 3 . 0 1 
10 .53 
11 .17 
9 .50 
9 .78 
9 .45 
9 .12 
7 . 6 8 
8 . 3 3 
9 . 8 2 
10 .67 
1 0 . 5 0 
1 1 . 5 2 
1 3 . 1 3 
1 1 . 3 4 
1 2 . 0 7 
12 .27 
1 0 . 0 5 
1 0 . 6 1 
1 2 . 0 5 
1 0 . 8 8 
1 0 . 2 2 
1 0 . 5 1 
12 .87 
1 2 . 9 7 
1 1 . 3 1 
11 .36 
1 0 . 4 8 
1 0 . 6 2 
9 . 8 2 
9 . 5 4 
6 . 1 3 
8 . 9 2 
8 . 7 9 
9 .23 
9 .27 
1 1 . 2 4 
1 1 . 4 3 
1 1 . 6 4 
11 .78 
8 . 9 9 
1 0 . 4 9 
9 . 7 1 
9 . 4 4 
1 2 . 7 8 
1 2 . 7 8 
1 0 . 2 5 
10 .16 
9 .36 
9 . 3 1 
8 . 7 0 
8 . 7 0 
LI.63 
10.72 
L0.72 
10 .42 
13 .08 
12.55 
12 .31 
11 .78 
10.56 
10 .36 
11.07 
10 .88 
11 .04 
1 1 . 1 9 
13 .57 
1 3 . 8 9 
11 .54 
11 .68 
10 .15 
10 .57 
9 .08 
9 .36 
10 .43 
9 .39 
9 .43 
9.10 
9 . 3 1 
11 .63 
11.67 
11 .16 
11 .40 
8 . 9 9 
9 .15 
9 .66 
9 . 4 1 
10 .90 
1 1 . 0 9 
12 .97 
13 .06 
10 .62 
10 .76 
9 .50 
9 .64 
9 .54 
9 .12 
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Table 14. Turbidities, in percent transmittance, when each 
Marsh Island trawl sample was taken 
Tri 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
LP Date 
1967 
4/6-8 
5/2,3 
5/31-6/2 
a6/28-7/l 
8/2-4 
8/29-31 
9/28-30 
10/25-28 
11/28-12 
1968 
1/4-6 
2/3,4 
Day 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
Surface 
AN AS 
trawl 
BN BS 
Percent transmittance 
86 88 95 96 
92 89 95 94 
81 
77 
79 
89 
77 
70 
72 
75 
64 
75 
58 
62 
53 
69 
63 
66 
42 
60 
60 
67 
92 
89 
92 
94 
80 
76 
60 
55 
74 
79 
69 
72 
70 
73 
83 
80 
81 
84 
87 
88 
75 
42 
85 
91 
72 
80 
75 
79 
74 
72 
50 
56 
74 
63 
78 
73 
64 
70 
71 
75 
81 
82 
92 
94 
82 
78 
74 
74 
77 
74 
23 
61 
73 
72 
74 
77 
69 
74 
77 
83 
AN 
Otter 
AS 
trawl 
BN BS 
Percent transmittance 
89 87 97 92 
90 90 94 95 
86 
76 
93 
88 
67 
69 
74 
72 
68 
66 
58 
59 
51 
67 
60 
54 
31 
56 
59 
68 
89 
91 
95 
94 
75 
76 
58 
55 
74 
76 
62 
64 
70 
72 
83 
79 
85 
84 
86 
87 
76 
66 
87 
91 
77 
75 
76 
80 
68 
70 
48 
56 
70 
65 
75 
66 
64 
71 
71 
74 
83 
79 
88 
88 
81 
77 
73 
79 
76 
74 
20 
58 
70 
72 
72 
76 
67 
72 
76 
81 
"percent transmittance of Marsh Island water samples 
taken prior to this date was obtained with a Bausch and Lomb 
Spectronic 20; samples from this date on were tested with 
the Klett-Summerson Photoelectric Colorimeter. 
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Table 15. Turbidities, in percent transmittance, when each 
Biloxi trawl sample was taken 
Trip Date 
1967 
3 4/22,23 
4 5/22,23 
5 6/21,22 
6 a7/27,28 
7 8/24-26 
8 9/22-24 
9 10/21,22 
10 11/16-18 
11 12/19-21 
1968 
12 1/22,23 
Day 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
Surface 
IN IS 
trawl 
2N 2S 
Percent transmittance 
96 95 92 94 
92 93 92 94 
92 
92 
92 
92 
75 
75 
76 
76 
64 
64 
81 
79 
86 
86 
85 
81 
85 
77 
92 
94 
93 
93 
80 
79 
72 
73 
64 
63 
81 
80 
86 
87 
85 
85 
85 
84 
89 
92 
92 
92 
79 
78 
74 
77 
66 
67 
76 
80 
83 
81 
74 
81 
81 
85 
93 
92 
93 
93 
78 
80 
74 
77 
67 
66 
79 
80 
85 
82 
82 
81 
87 
79 
IN 
Otter 
IS 
trawl 
2N 2S 
Percent transmittance 
93 95 94 
90 92 88 94 
89 
92 
92 
89 
74 
73 
78 
77 
63 
63 
76 
64 
85 
66 
81 
78 
68 
68 
94 
94 
92 
91 
77 
75 
74 
76 
65 
76 
76 
81 
84 
79 
81 
83 
84 
88 
92 
92 
90 
76 
78 
77 
78 
63 
65 
71 
79 
77 
79 
74 
81 
80 
78 
91 
93 
93 
94 
77 
76 
74 
75 
66 
63 
73 
78 
84 
83 
72 
80 
82 
81 
Percent transmittance of Biloxi water samples taken 
prior to this date was obtained with a Bausch and Lomb Spec-
tronic 20; samples from this date on were tested with the 
Klett-Summerson Photoelectric Colorimeter. 
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Table 16. Duration, in seconds, of each Marsh Island trawl 
sample 
Tri 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
.p Date 
1967 
2/1 
3/4,5&9 
4/6-8 
5/2,3 
5/31-6/2 
6/28-7/1 
8/2-4 
8/29-31 
9/28-30 
10/25-28 
11/28-12/2 
1968 
1/4-6 
2/3,4 
Day 
1 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
Surface trawl 
AN 
— 
325 
320 
330 
313 
350 
345 
290 
291 
b175 
320 
274 
296 
302 
330 
270 
341 
261 
290 
315 
261 
319 
AS BN 
Seconds 
— 
360 
a345 
348 
348 
389 
370 
338 
335 
345 
281 
348 
344 
361 
329 
375 
351 
380 
397 
396 
402 
415 
406 
—— 
348 
355 
330 
335 
346 
330 
315 
331 
310 
336 
348 
331 
327 
334 
366 
306 
337 
331 
319 
BS 
390 
370 
355 
339 
345 
316 
340 
316 
315 
336 
350 
360 
305 
305 
350 
350 
370 
349 
327 
329 
329 
AN 
— 
489 
690 
660 
330 
404 
368 
363 
371 
390 
405 
340 
383 
392 
367 
424 
397 
401 
360 
382 
410 
424 
422 
398 
Otter 
AS 
trawl 
BN 
Seconds 
— 
550 
690 
805 
420 
398 
369 
373 
385 
375 
394 
379 
386 
459 
405 
420 
398 
396 
427 
407 
408 
455 
440 
475 
— 
685 
392 
333 
358 
355 
340 
396 
373 
408 
374 
348 
345 
390 
406 
396 
389 
393 
383 
360 
410 
BS 
— 
465 
660 
367 
403 
387 
338 
374 
342 
367 
380 
372 
417 
415 
401 
396 
389 
372 
415 
348 
364 
392 
*Approximate duration. 
"Net filled with ctenophores; stopped at middle stake. 
Catch was doubled in text to compensate for this. 
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Table 17. Duration, in seconds, of each Biloxi trawl sample 
Tri 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Lp Date 
1967 
2/25,26 
3/23-25 
4/22,23 
5/22,23 
6/21,22 
7/27,28 
8/24-26 
9/22-24 
10/21,22 
11/16-18 
12/19-21 
1968 
1/22,23 
b2/l0,11 
Day 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
Surface trawl 
IN 
— » 
345 
315 
268 
299 
344 
315 
269 
299 
288 
300 
306 
324 
334 
308 
290 
299 
310 
259 
262 
276 
324 
280 
350 
IS 2N 
Seconds 
326 
330 
335 
290 
277 
312 
312 
297 
293 
290 
286 
310 
317 
314 
316 
291 
299 
303 
320 
307 
314 
325 
306 
310 
295 
350 
344 
365 
a315 
319 
340 
323 
330 
293 
310 
318 
336 
350 
340 
345 
285 
316 
298 
312 
307 
345 
321 
289 
280 
285 
2S 
— — 
320 
350 
277 
273 
300 
310 
290 
281 
271 
272 
311 
309 
308 
298 
267 
290 
301 
292 
300 
308 
285 
298 
280 
290 
IN 
810 
a1080 
a420 
350 
467 
415 
360 
447 
458 
404 
408 
435 
419 
420 
451 
417 
458 
373 
400 
440 
560 
658 
Otter 
IS 
trawl 
2N 
Seconds 
810 
780 
375 
a434 
359 
420 
427 
420 
393 
405 
376 
475 
416 
410 
431 
420 
410 
351 
421 
422 
442 
505 
500 
690 
690 
383 
390 
396 
478 
393 
763 
420 
418 
432 
395 
a420 
385 
400 
426 
425 
409 
410 
425 
424 
560 
620 
2S 
660 
745 
395 
459 
381 
409 
408 
413 
364 
403 
411 
393 
421 
449 
355 
414 
382 
410 
415 
420 
470 
475 
Approximate duration. 
b 
sites. 
Trip by Weaver and Holloway; includes 4 new sample 
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Table 18. Time at which each Marsh Island trawl sample 
was taken 
Tri 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
.p Date 
1967 
2/1 
3/4,5&9 
4/6-8 
5/2,3 
5/31-6/2 
6/28-7/1 
8/2-4 
8/29-31 
9/28-30 
10/25-28 
11/28-12/2 
1968 
1/4-6 
2/3,4 
Day 
1 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
Surface trawl 
AN AS BN BS 
Central standard time 
1100 
1725 
0815 
1710 
0700 
0930 
1610 
1030 
1500 
1730 
1250 
1655 
0840 
1415 
1145 
1615 
0945 
1435 
0945 
1305 
1200 
1515 
1307 
0830 
1200 
1415 
1530 
1015 
1545 
0915 
1010 
1520 
1115 
1400 
0745 
0800 
1350 
0625 
1710 
0915 
1130 
1100 
1130 
1200 
1500 
0845 
1630 
0945 
1015 
1100 
1615 
0945 
1145 
1250 
1505 
0930 
0840 
1335 
1115 
1630 
1710 
0845 
1620 
0730 
1020 
1400 
1530 
1045 
1130 
1145 
1600 
0945 
1530 
0840 
1220 
1215 
1400 
1100 
1410 
1300 
0745 
1200 
0945 
1240 
1540 
1045 
1500 
0940 
1420 
1220 
1400 
1230 
0915 
1345 
1445 
1110 
1430 
0940 
Otter 
AN AS 
trawl 
BN BS 
Central standard time 
1130 
1700 
0915 
1750 
0800 
1130 
1700 
1230 
0915 
1825 
1545 
1740 
0915 
1530 
0845 
1640 
1000 
1535 
1050 
1400 
1230 
1600 
1340 
0910 
1245 
1500 
1630 
1100 
1625 
1010 
1245 
1730 
1300 
0815 
0830 
1120 
1615 
0730 
1810 
0936 
1255 
1100 
1600 
1255 
1630 
1110 
1120 
1710 
1045 
1130 
1445 
1045 
1300 
1330 
1735 
1045 
0950 
1430 
1145 
1755 
1745 
1000 
1655 
0810 
1045 
1430 
1600 
1140 
1330 
1300 
1630 
1030 
1406 
0910 
1315 
1430 
1445 
1145 
1625 
1400 
1055 
1250 
1025 
1405 
1620 
1145 
1540 
1020 
1445 
1245 
1440 
1330 
1020 
1420 
1520 
1130 
1450 
1010 
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Table 19. Time at which each Biloxi trawl sample was 
taken 
Tri 
66 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Lp Date 
1966 
11/25,26 
1967 
2/25,26 
3/23-25 
4/22,23 
5/22,23 
6/21,22 
7/27,28 
8/24-26 
9/22-24 
10/21,22 
11/16-18 
12/19-21 
1968 
1/22,23 
a2/10,ll 
Day 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
Surface trawl 
IN IS 2N 2S 
Central standard time 
1010 
1730 
1655 
1455 
0845 
1700 
0845 
1600 
0945 
1745 
0930 
1645 
1700 
0830 
1215 
1425 
0915 
1230 
1415 
1345 
1300 
1225 
0900 
1340 
0830 
1020 
1530 
1530 
1415 
1150 
1210 
1500 
0940 
1410 
1315 
1600 
1310 
1430 
1515 
1030 
1200 
1150 
1010 
1555 
1215 
1515 
1000 
1005 
1240 
1505 
1352 
1055 
1210 
0900 
1110 
1650 
0845 
1720 
0830 
1320 
1040 
1730 
1200 
1655 
1030 
1415 
0910 
1015 
0945 
1510 
0730 
0950 
0915 
1445 
1005 
1320 
0930 
1600 
1540 
1600 
1600 
1400 
1125 
0920 
1430 
1115 
1145 
1225 
1550 
1400 
1520 
1300 
1230 
1200 
0845 
0820 
1330 
0845 
0830 
1015 
1345 
1100 
1130 
1045 
1350 
1435 
Otter 
IN IS 
trawl 
2N 2S 
Central standard time 
1735 
1540 
1000 
1730 
0845 
1630 
1200 
1825 
1050 
1725 
1730 
0925 
1315 
1500 
1000 
1310 
1510 
1420 
1400 
1240 
0920 
1355 
0900 
1037 
1500 
1226 
1310 
1530 
1015 
1445 
1445 
1630 
1400 
1505 
1630 
1110 
1515 
1310 
1230 
1030 
1630 
1250 
1600 
1055 
1030 
1300 
1530 
1420 
1400 
1430 
1715 
1017 
1800 
0940 
1420 
1100 
1840 
1300 
1735 
1115 
1500 
1015 
1100 
1030 
1610 
0805 
1020 
0945 
1515 
1030 
1355 
1000 
1617 
1555 
1600 
1200 
1000 
1515 
1145 
1220 
1305 
1630 
1445 
1600 
1325 
1315 
1300 
0915 
0900 
1400 
0915 
0910 
1040 
1405 
1120 
1200 
1105 
1400 
1455 
aTrip by Weaver and Holloway; includes 4 new sample 
sites. 
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A P P E N D I X E 
This appendix details the procedures used in calcu-
lating length-frequency distributions and length-weight 
relationships. 
LENGTH-FREQUENCY 
The laboratory surface trawl recording forms had a 
space for the total number of a species in a sample, and 
another space for the total number in the subsample measured. 
To determine the weighted length-frequency for that sample, 
the computer multiplied the number in each length class (in 
the subsample measured) by the ratio between the total num-
ber and the number in the subsample; the same was done for 
the other sample at that site, and the results were summed. 
The computer printout, therefore, listed the weighted 
length-frequency distribution, for the combined samples, in 
terms of the total number in each length-class. Since this 
explanation may be confusing, a simplified example for bay 
anchovies is shown on page 237. 
This procedure for weighting, I feel, gives the 
proper emphasis to each sample. It compensates for varia-
tions in proportions of subsample to total sample and gives 
increased weight to the samples containing the largest num-
bers. 
If the simplified example had been for a species 
other than Anchoa mitchilli, I would have added the Day 1 
Day 1 
Total number = 1000 
Subsample = 100 
Ratio = 1000/100 = 10 
Stand. Sub-
length sample Weighted 
in mm number x 10 number 
20 10 = 100 
25 60 = 600 
30 20 = 200 
35 10 = 100 
Total 100 1000 
Day 2 
Total number = 6000 
Subsample =120 
Ratio = 6000/120 = 50 
Sub-
sample 
number 
30 
40 
40 
10 
x 50 
= 
= 
= 
= 
Weighted 
number 
1500 
2000 
2000 
500 
Length-
frequency 
distribution 
Weighted 
number 
Day 1 + Day 2 
1600 
2600 
x
 2200 
600 
120 6000 7000 
to 
to 
-vl 
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and Day 2 results from the otter trawl sample directly to 
the appropriate length classes after the weighted surface 
trawl length-frequency distributions had been obtained. 
Since all organisms caught in the otter trawl were measured, 
no weighting of this data was necessary. 
Samples AN-1, Surface Trawl, Trip 9 and 2N-1, Otter 
Trawl, Trip 12 were lost. To compensate for this, when 
preparing the length-frequency graphs, the results from the 
corresponding Day 2 samples were doubled. 
LENGTH-WEIGHT RELATIONSHIPS 
As stated in the text, for the tests to be valid, 
the organisms used must be of the same length, age, and sex, 
and be taken on nearly the same date. Most of the organisms 
were juveniles, so age differences should not have been 
great, and sex should not have affected growth as yet. On 
any particular sample trip, the organisms were all col-
lected within a few days time. 
To meet the equal length criterion, data were used 
only from the region of overlap in the monthly length-
frequencies of a species, at a particular sample station 
(e.g. AN and AS). Within the region of overlap, mean 
weights were used from the maximum number of length classes 
possible, while using an identical number from correspond-
ing length classes on both sides of the weir. Therefore 
the two regression lines automatically had the same mean 
value for log L, and compliance with the criterion of using 
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organisms of the same length was further refined. 
The maximum number of mean weights possible from a 
particular length class was four, two from each side of the 
weir. To prevent bias, if only one mean weight were availa-
ble for a particular length-class from the natural marsh 
side, for instance, I used only the semi-impounded mean 
weight derived from the sample having the most organisms in 
that length class. If both semi-impounded samples had the 
same number in the length class, I always used the mean 
weight from the sample taken the same day as the sample 
from the natural marsh that contained that length class. 
Mean weight values for each length class were com-
puted on a desk calculator using the original laboratory 
data. The means were transferred to punch cards and re-
gression analyses were run on the computer using the 
Bio-Med packaged program MRP-49. This program printed out 
the necessary data for the required t-tests. These data 
were punched on cards; the t-tests were run, and results 
printed out, by the computer. 
After receiving the printout for the monthly re-
gressions, I examined all the monthly values of the slope 
of the lines, by plotting the values for each species, by 
sample site and trip. The greater the slope of the line, 
the more rapidly is the average animal in the population 
gaining in weight in proportion to length; that is, the 
more rapidly is it "fattening." The fatness of some fish 
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has been shown to vary seasonally (Hildebrand and Schroeder, 
1928). If a particular species had shown a tendency to 
start out slender but become fatter on one side of a weir 
as the year progressed, while it started out fat and became 
slimmer on the other, there would have been no value in 
testing for overall differences in mean weight, or in slope 
of the regression lines, by combining the data used in the 
monthly tests. Under these circumstances, the slope of both 
lines derived from the combined data would tend toward an 
intermediate position and mask true seasonal differences. 
However, I discovered no such tendency toward inverse slope 
changes on opposite sides of the weir. Therefore, the mean 
weight punch cards used for all the monthly trips, for a 
particular species and sample site, were combined and over-
all regression lines were computed. The same null hypothe-
ses were tested for each pair of these overall regression 
lines. 
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